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INTRODUCTION 


Why This Supplement? 


The Office of Conservation Education of the Federal Energy Administration published an 
excellent 24-page booklet entitled Energy Conservation: Understanding and Activities for 
Young People, in 1976. The booklet is aimed at junior-high-school-level students, and is to 
be distributed to all such students in New Mexico in the spring of 1977. 


The Energy Resources Board of the State of New Mexico, and Governor Jerry Apodaca’s 
Office, upon reviewing the FEA booklet, felt that a teacher’s supplement to the booklet 
should be distributed along with the booklet. The New Mexico State Department of Educa- 
tion was asked to prepare such a supplement, and, with the help of selected research, educa- 
tion, and industry people throughout the state, the curriculum development unit of the 
State Department of Education has developed this nearly 200-page manual. 


The hope is that this supplementary teacher manual will enable teachers to help students get 
the most out of the booklet, Energy Conservation, to flesh-out the information contained in 
the booklet, and to relate that information to life, energy, and resources in the State of New 
Mexico. 


How This Supplement Is Organized 


Since New Mexico schools are moving more and more toward instructional materials and 
techniques based on behavioral or performance objectives, with evaluations that are 
criterion-referenced, this teacher’s supplement is organized accordingly. 


The supplement consists of three parts: 
1. Part 1 — What Is Energy? 
2. Part 2 — What Is Conservation? 
3. Part 3 — How Is Energy Used? 


Note that these three parts correspond in subject-matter to the three chapters of the booklet, 
Energy Conservation — one of which presumably will be in the hands of each student. 


In the teacher supplement, each part consists of several units. A unit is considered to be the 
amount of content that can be taught effectively in from one to three class periods (the 
variation is a function of relative student abilities, and/or the amount of time the teacher 
wishes to spend on each unit). The supplement contains 12 units. Consequently, this supple- 
ment can be used as the basis for an Energy Conservation Course that would occupy as few 
as 12 class periods (a week and a half), or as many as 48 class periods (a little over 9 weeks), 
depending upon the amount of stress that a given school district (or teacher) wishes to place 
on Energy Conservation. 


Each unit, in turn, is consistently made up of five components: 


1. Statement of the learning objective of the unit, and the specific objective 
that must be accomplished to achieve the unit objective. Note that each 
specific objective is stated in measurable terms. 


2. Basic Information, organized so that each Roman numeral denotes the number of 
the specific objective that the information is about. In other words, Roman 
numeral “I”? under “‘Basic Information” gives the information necessary to 
achieve specific objective number “1” on the objectives page; “‘II”’ to achieve 
specific objective “2,” and so on. 

3. Suggested Test Questions Related to the Objectives. So that the learning 
experience can be integrated with the objectives and information given, 
suggested test questions are numbered to relate to the specific objective 
number and the basic information Roman numeral. In other words, test 
question | tests achievement of specific objective 1, and calls for information 
or performance referred to under Roman numeral I in the Basic Information 
pages. 


4. Answers to Test. This speaks for itself. 


Suggested Student Activities — These are for enrichment, motivation, or 
expanded instruction, as the teacher sees fit. They are more plentiful than the 
suggested activities in the student’s booklet, Energy Conservation. 


Each unit contains these five components. It has been found by teachers who utilize this 
objective-based, criterion-referenced mode of teaching that best results come if the student 
works with these same materials, one unit at a time. It is possible, therefore, that some 
schools will wish to duplicate these units and hand them out to the students to supplement 
their booklet. Do so. No permission is required. 


For convenience, the objectives page of each unit contains a line at the bottom of the page 
indicating which pages of the student booklet that unit deals with. 


Several of the illustrations have been put on separate pages, each by itself, so that teachers 
may, if they so desire, use them as overhead transparency masters. 


In short, every effort has been made to provide a supplementary manual to teachers that will 
enable optimum learning on the part of students. 


Why Is It Important? 


It appears to have gotten to the heads of nearly everyone, now, that there is indeed an energy 
problem. Some say, “‘crisis.”” , The young people of today are going to be the ones who must 
solve it — at the very least to maintain the kind of life they’ve been brought up to know; at 
most, to insure survival. 


This supplement states at one point that, if energy from nuclear fusion were feasible, “‘all 
our energy problems would be solved.” It also states that ‘“‘no known material can withstand 
the incredible temperatures generated in the nuclear fusion process.” 


And if one student gets eager enough to discover or invent that as yet unknown heat-resisting 
material, because of having been inspired by what he learned about energy and its conserva- 
tion from the student booklet, and from you, the teacher, by the way of this supplement, 
generations will be spared the misery of suffering the winding down of world life as we now 
know it. 


ie 


~e — Gs Kt 5 et Gtoaey 
~ ‘ ; 


fen ay ; ho : 4 rar my “ch 1m, 4 \ ver Ry ‘mT, f° vagal 


i 


pet or be ‘ 
; EN ha vege Se ee fe tee ae rites ry 
Tt a 4 dhe” Vay Cm bole Real ie 
¥ 


4 o 


a > é ” Q bi Lt Tan vanes . t rae 


eat , d “i et? Qs yy M Ww ea y Rig “Sigs diy tua’ ol 


; eaves : ’ ph fyial Pum 270 16 xy iv it peoehig Wesel oe 
rots Mg : 
se ee ee a 


gue 5 ‘it Bor) wae v etter vena tint ie. 


in 4 . fot hens cell A ai ‘vabenals 
¢ re 4 A , @ x st 7 


Ct : uv (i “lhe verte vets, ee) te fae i 


A] ch 3 ) 7 4 . 8 sf ct ry Ay Mowe ¢ ba te Fe ap! ~ 


Ay , A. ‘ a t for § hi 4p { Gai a ib FB Sa we Sy fr 
Be an ; 2 mee b WA abe nas 
‘(o (ibe eae We 


mi sh -egees Ry Ysa eas Bead 
YC aa 4 | Mids hie es ee LI > fiver ‘et ae 
7 ee me Te Pay Ts Sliver § nah xy Pe oe 
sO | 4’ it Dee “at ota ag ‘ : 


: a he =yiw A 
Caan ae aie a apiadeier : by Sa ewe | 


Pes Pruianiaeieeaed di 
agen fe iw Wey 
ae ila werd thy sail A a Ms ms 
y ok 


Part I — What is Energy? 


UNIT 1 
BASIC CONCEPTS OF ENERGY 


UNIT OBJECTIVE 


After completing this unit. the student should have an understanding of the overall problems 
of energy, the historical evolution of various energy sources, the current usage in the nation, 
and of the terminology used in energy discussions including such terms as kinetic energy, 
potential energy, work, energy, power, the law of energy conservation, and the various forms 
and transformations of energy. 


SPECIFIC OBJECTIVES 


Upon completion of this unit, the student should be able to: 


ie 


On 


nN 


Select the reason that gas and oil consumption must decrease during the next twenty 
years. 


Arrange the major sources of energy (oil. wood, and coal) used in the nation’s history 
in the order of appearance. 


Place in proper sequence the usage of energy in the nation (/ndustrial, Commercial, 
Transportation, and Home} 

Differentiate between kinetic and potential energy. 

a. Match the proper definition with the words, work, energy, and power. 

b. Identify the units of measurement of energy and power. 

State the law of the conservation of energy. 


When given the definition, recognize the meanings of radiant, mechanical, electrical, 
chemical, and atomic energy. 

Perform activities regarding basic energy concepts relating to the State of New Mexico 
and to the community in which the student hives. 


This unit refers to p. 2 of the booklet, Energy Conservation 
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What Is Energy? 


INTRODUCTION 


Basic Concepts of Energy 


@ Does the United States have enough natural resources to meet future energy needs? 


@ Does New Mexico have sufficient natural resources for the state’s energy needs? 


@ Will the costs of energy increase enough to hurt our economic growth? 


@ What can we do to strengthen our nation’s and our state’s long-term energy position? 


These questions and many more like them are typical of the problems being faced today 
and the problems will grow more serious within one or two generations. 


PREDICTION: Very soon supplies of oil 
and natural gas from our own country will 
be unable to meet the rising demands for 
energy from these sources. And, within 
the next 20 years, the use of oil and gas 
MUST decrease simply because there is 
only so much in the world and it is 

being used up. 


EAGT» 

scientific discoveries. 
FACT: 

around 2000 A.D. 
FACT: 


Level 
Dropping 
Consumption 


It takes approximately 30 years to get significant benefits from new 
Many new energy sources cannot make significant contributions until 


Conservation of existing energy sources is extremely important; we 


must cut down on the energy we waste. 
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FORECAST OF ENERGY USAGE 


PROJECTED USE OF DIFFERENT TYPES OF 
ENERGY — 1975, 1985, 2000 
DOMESTIC OIL 


SOOO OOOO OOOO DOOODODORR0C 900K NOTE: Size of bars represents relative amount of 
Sse usage, assuming 1975 as a base year, with usage 
421% jin 1985 being 1.4 x base, and usage in 2000 being 
1.7 x base. Percentage figures mean percentage of 
total usage for year indicated. 


Generalizing from this graph: 


These projections assume 
that we will conserve energy. 
Even if we conserve, though, 
we'll be using about one 

and three-quarters times 
what we use now. 


It appears that domestic 
and imported oil, and 
natural gas usage will 
increase by 1985, but will 
decrease by the year 2000. 


It appears that hydroelectric 
28% energy will remain about 


HYDROELECTRIC the same as it is now. 
1975 BEES] 4% 


1985 Gf 4% ; It appears that the big 


growths will occur in the 
usage of coal and nuclear 
energy — coal usage will 
more than double, and 
nuclear energy use will 
increase about 15 times as 
much by the year 2000. 


28% And notice that even by the 


2000 F.°.°.4 3% 


NUCLEAR 
1975 fs 
1985 
2000 


SOLAR year 2000, solar energy 
es practically None usage will account for a 
1985 very small proportion of 
2000 the total. 


Il. 
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History of Energy Usage 


@ Earliest history — fire was used for heat and light; wind power moved ships; water 
turned waterwheels; but most energy was from human and animal muscles. 


Industrial Revolution began with the use of steam engine in the 1700's. 
Manufacturing became important in the early 1800’s and energy demands increased. 


Transportation by mechanical engines began in the mid-1800’s. 


Farms were not mechanized until the 1940’s; tractors largely replaced mules and 
horses. 


Various energy sources have been used in the United States since the mid-1800’s. 
FACT: Wood supplied 90% of energy used in 1850 and declined to almost zero 
by 1900. 
FACT: Coal replaced wood, and by 1910, 80% of our energy needs were provided 
by coal. 
FACT:  Oilin 1910 provided only 10% of the nation’s needs. By 1940 oil was a major 
source of energy and in 1975 still was. 


FACT: Natural Gas in 1940 supplied only 10% of nation’s energy. In 1975 it provided 
almost 30% of the nation’s needs. 


USE OF ENERGY IN THE USA 


Energy Usage in the United States 


Almost everything that contributes to 
a high standard of living also requires 


large amounts of energy. About 5% of INDUSTRY 
the world’s population live in the USA, 44% 
but we use over 35% of the world’s 

energy. Today the USA uses more than TRANSPORTA- 

20 times the energy that we used 100 TION 

years ago. As shown 1n the pie chart here, 26% 


industry uses about 44% of the total 

to drive the various factory machines 

and to produce heat. Transportation, 
mostly in the form of fuel for automobiles, 
accounts for about 26% of the consumption. The nation’s homes use 20% of the total 
energy and various commercial buildings such as stores and offices use 10%. 


Kinetic and Potential Energy 
@ Kinetic Energy is the energy of motion or movement. 


® Potential Energy is stored energy or the energy of position. 
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ROCK HAS 
POTENTIAL 
ENERGY 
HERE 


| ROCK HAS 
KINETIC 
ENERGY 


HERE 


Because of gravity, objects can do work as they fall. Common examples are water falling 
over a waterwheel or the weights in a cuckoo clock. An object raised to a great height 
has a large amount of potential energy because of its position. When it moves or falls, 
the potential energy is changed to kinetic energy. A wound spring in a wrist watch has 
potential energy which can be converted into kinetic energy when it causes the watch 
mechanism to move. 


FACT: | Energy constantly changes from potential to kinetic and back again. 


FACT: | Energy can exist without life, but life cannot exist without energy. 


Work, Energy, and Power 


@ Work is defined as the strength of a force being applied to an object and the distance 
moved. Work requires both force and distance. 


You aren't working. 
You're Just STANDING 
there holding those 
heavy bags! 


When you are holding a heavy box, it 
feels as if you are working because it 
does require some force, but since no 
motion is present, there is no work. 
(Of course work was done to move the 
heavy box into the holding position.) 
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@ Energy is the ability to do work. 


Both energy and work are measured in the same units. The international unit for 
measuring energy and work is the joule. Energy is also measured in many other units 
including: 


a. Kilowatt-hours 

b. BTU’s (British Thermal Units) 
cP) Calories 

d. Erg (CGS System) 

e. Electronvolts 

f. Foot pounds 


@ Power is the rate of producing or using energy (or work). 


If two people were moving 20 bricks from one spot to another, the same distance apart, 
but one moved two at a time and the other only one at a time, then the first person 
would have more power because he or she is doing the same amount of work but in less 
time. 


| h 


SAME WORK, FASTER SAME WORK, SLOWER 
= MORE POWER = LESS POWER 


Power is measured with any of the energy units plus a time reference: for example, joules 
per second, footpounds per second, etc. Two common units for measuring power are 
the watt (equal to one joule per second), and the horsepower. 


Our cars are advertised as having an engine with a certain amount of horsepower. One 
horsepower is the rate of energy produced by a good horse working hard and has been 
determined to be equal to 746 watts. This means that a good horse turning an electric 


Forks 


VI. 


VII. 
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generator can keep seven 100-watt light bulbs lit with about 46 watts left over. (By 
contrast, a strong man working hard can produce only about 45 watts, so if he is turning 
an electric generator, he can keep only one 40-watt bulb going.) One horspower is also 
equal to 550 footpounds per second. In other words, one horse could move 550 pounds 
one foot in a second — or one pound 550 feet in a second (if it were a fast horse). 


Conservation of Energy 
@ It’s all but impossible to destroy energy — the amount in a system tends to stay the same. 


Just why is there an energy shortage if the energy 
stays the same in a system? Energy appears in 
forms such as light, mechanical movement, 


mean - energy 


atomic, electrical, and most important, heat. cant be 
Eventually most forms of energy become heat. destroyed 7 
Heat is a disorganized or disordered form Then 

of energy so we can’t transform all of the how come 
heat energy back into useful forms. Even there's a 


though all the energy is still present in the form 
of heat, we can’t use it all again so we lose some. 
But it is still present. 


shortage ? 


Forms of Energy 


Energy exists in kinetic and potential states in the various forms. Remember that heat is 
always present regardless of the energy form. 


A. Radiant Energy 


RAIN; WIND - 
WATER VAPOR oe 


FOOD 


The sun provides almost all the energy available on earth. 


ee 
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The light and the heat from the sun give us the rain, wind, water movement and 
plant life. The plants provide wood, coal, gas, oil, and food. Radiant energy can 
also be man-made: light from electricity, radio waves, and X-rays, for example. 

The radiant energy from the sun is a most important source of energy. The goal 
of solar energy research is to make solar heat commercially useful. 


B. Mechanical Energy 


The energy found in the movement of objects or in machines is mechanical energy. 
The automobile engine, for example, is a mechanical machine that transforms the 
energy in gasoline or diesel fuel into mechanical movement. Waterwheels and steam 
turbines are other mechanical energy machines that can be used to transform 
mechanical energy into electrical energy by rotating an electrical generator. 
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C. Electrical Energy 
Electricity is the movement of electrons in a conductor. 


Electricity is a very common type of energy and is used to produce light, heat, 
mechanical movement, sound, and many other useful things. Mechanical energy 

is often used to generate electricity, then the electricity is tranferred long distances 
by wires, and then may be transformed again into mechanical energy when used to 
run a motor. Other forms of energy are also easily transformed into electrical energy. 


1. A battery transforms chemical energy into electrical energy. 


2. A photocell (automatic door openers, etc.) transforms light energy into 
electrical energy. 


3. A phonograph pickup crystal transforms mechanical energy (groove motion) 
into electrical energy. 
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D. Chemical Energy 


Almost all substances have potential chemical energy. This type of energy is 
released when the substance changes chemically. 


The chemical combining of oxygen 
with coal when the temperature is 
sufficiently high will cause the coal to 
“burn,” and thus change chemical 
Oxygen energy into heat energy. Dry cells 
Ines a and car batteries convert chemical 
energy into electrical energy and into 
heat energy. Even our lives depend 
upon chemical energy processes that 
take place in our body cells to provide 
energy and heat (body temperature). 


Fire 


E. Atomic Energy 


E = mc? is the famous Einstein equation giving the relationship between mass and 
energy. E equals energy, m equals mass, and c equals the velocity of light. 


Energy can be created from matter or matter from energy according to this equation. 
This formula lets us measure the energy of a system by measuring the system’s mass. 
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CONVERTING MASS TO ENERGY 


Einstein’s formula says that when atoms of matter combine or when they split, 
atomic energy is released. By far the greatest possible source of energy per pound 
of material is atomic or nuclear energy. Atomic or nuclear energy, like all energy, 
can be transformed into heat, light, electricity, and similar forms of energy. 
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SUGGESTED TEST QUESTIONS 


1. Consumption of oil and natural gas must decrease during the next 20 years because: 
___a. the prices will increase 
____b. — supplies are limited and will begin to run out 
____c. There will be fewer people in the world 


d. Solar power will take the place of oil and natural gas 


2. Place the correct energy source (oil, wood, coal) in the blanks of the following statement. 
The first major source of energy in our nation’s development was 
This energy source was replaced by by the early 1900’s. 


Today the major source of energy is _ 


3. List in proper sequence, starting with the largest user of energy and finishing with the 
lowest user: Transportation, Commerical Industrial, and Home. 


4. The energy of an object caused by its position is (potential) (kinetic) energy; and the 
energy of movement is (potential) (kinetic) energy. 


5. Match the following words with the listed statements. 


1. work (a) rate of using energy 
2. energy ~(b) the ability to do work 
3. power (c) force applied and distance moved 


6. Energy is measured in units called Goules) Gjoules per second). 


Power is measured in units called (joules) (joules per second). 


7. In the space provided, match the name of the form of energy being defined. 


____a. When a substance changes chemically 1. Radiant 
___b. Movement of electrons through a circuit 2. Mechanical 
____c. Atoms of matter combining or splitting 3. Electrical 
____d. Light and heat from the sun 4. Chemical 
____e. Movement of physical objects 5. Atomic 


8. The law of the conservation of energy states 
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TEST QUESTION ANSWERS 
] b 
2 wood 
coal 
oil 
Sie Industrial 
b. Transportation 
Cc Home 
d Commercial 


4. _ potential, kinetic 
oe eR ae 


6. joules 
joules per second 


7. a (4) 
b. (3) 
‘cod | 
dae Ul) 
et a} 


8. Energy can neither be created nor destroyed and is always the same in a system. 


STUDENT ACTIVITY ANSWERS 
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SUGGESTED STUDENT ACTIVITIES 
NOTE: For other activities see the pamphlet entitled “Energy Conservation.” 
1. Make a list of the different kinds of energy transformations that you know. For example 


in a car gasoline burns (chemical energy) and causes the engine pistons to move 
(mechanical energy). 


b 


2. Work the following crossword puzzle. 


Across Down 
2. Type of modern airplane - 1. Prefix meaning ‘‘one”’ 
4. Rate of doing work 2. A sharp movement 
6. Ability to do work 3. The CGS system measure of 
7. Force and distance (P. 6) energy (P. 7). 


4. A seat in a church 
5. A form of the verb to be 


3. Perform the following experiment to show the conversion of mechanical energy into 
heat. 


Equipment needed: Thermometer, egg beater, bow! of water. 
a. Let the egg beater stand in the bowl of water until everything is at room temperature. 
b. Measure the temperature of the water. 


Rapidly stir the water with the egg beater for five seconds. 


a 9 


Re-measure the temperature of the water. The temperature should be higher because 
the mechanical friction of the egg beater has been converted into heat energy. 


4. Write and illustrate your thoughts concerning energy. 


209 ye ya 
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10. 


Divide into groups and see which group can write the most energy words in 15 minutes. 


Read about wood, coal, and oil in an encyclopedia and explain why wood was replaced 
by coal and, later, why coal was replaced by oil during the history of the United States. 
What do you predict as oil’s replacement, if any? 


Make a crossword puzzle using energy words. 


List as many questions as you can on the energy crisis. Make up a questionnaire to find 
out what people think regarding the energy crisis and what they are doing about it. Get 
answers to this questionnaire from your parents and neighbors. Compile the answers in 
class and compare what people are thinking with what they are doing. 


What is the energy source being used to generate the electricity used in your home? 
Where does this energy source (coal, oil, waterpower, etc.) come from within your state 
or does it come from some other location? Explain in detail how the energy used to 
produce the electricity is produced and distributed. 


List the energy transformations occurring in your home and school. Compare your list 
with others in your class (One transformation, for example, is electrical energy to light 
or radiant energy.) 


Look up New Mexico in two or more encyclopedias and find out the major sources of 


energy in the state (for example, dams with electric generators, oil fields, coal deposits, 
ig Cee F 
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UNIT 2 
FOSSIL FUELS 


UNIT OBJECTIVE: 


Upon completion of this unit, students will be able to demonstrate knowledge of fossil fuels; 
how they store energy; how they release energy; what the energy they store is used for: 
where in the world and in New Mexico they are located: problems relating to them; how 
they are retrieved, processed, and transported; and how much of them is left. 


SPECIFIC OBJECTIVES: 
Upon completion of this unit, students will be able to: 
1. Name the three basic characteristics of a fossil fuel. 
Name three examples of fossiles that are not fuels. 
Name at least five examples of fuels that are not fossils. 
Select from given statements those that are true of how fossil fuels work. 


Select from given statements those that are true of energy storage in fossil fuels. 


Identify among given descriptions of uses of fossil fuel energy which are thermal, 
mechanical, or electrical. ; 


7. Identify given statements about location of fossil fuels as to whether they are true or 
false. 


8. Name three problems (besides locating) that the energy industry has to solve before 
fossil fuels can be used. 


9. Select from given statements those that are true about the mining, processing, and 
transportation of coal. 


10. Select from given statements those that are true about the welling, processing, and 
transportation of oil and gas. 


11. Select from given statements those that are true about the existing reserves of fossil 
fuels and the energy available from them. 


This unit refers to pp. 2—3 of the booklet, Energy Conservation. 


kee 


some Different Kinds of Fuels 
Can you tell which are fossil fuels? 


MATCH 


PETRIFIED WOOD LIGHTER FLUID BUTANE 
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Fossil Fuels 


The Characteristics of Fossil Fuels 
@ Fossil fuels are made up of organic cells; i.e., cells that were once part of living 
plants or animals. 
® Fossil fuels were once buried and compressed after death, thus changing their 
original structure. 
Fossil fuels will burn, producing thermal (heat) energy. 
The best known examples of fossil fuels are coal, petroleum, and natural gas, plus 
fuels that are made from one of those three, such as coke, gasoline, jet fuel, 
lubricating oil, lighter fluid, butane. 
Fossils That Are Not Fuels 
A. Fossil rock 
N . 
Bin sPetritied wood (Not fuels because they do not consist 
of organic materials, and will not burn.) 
C. Imprints of shellfish or other organisms left in mud or lava. 
Fuels That Are Not Fossils 
A. Sulfur and Phosphorus used in matches. 
AN ASIDE: Sulfur is plentiful. Why not use 
it in place of the fossil fuels? Chiefly because (A, B, and Care not fossils 
sulfur gives off a poisonous gas, sulfur dioxide, because, although derived 
as it burns. The small percentage of sulfur in from the earth, and able to 
coal and oil (1%—4%) pollutes the air. burn, they are not organic 
materials. ) 
B. Black Powder used in dynamite and fireworks. 
C. The solid propellant for rocket motors. 
D. Wood 
E. Ch (D, E, F, and G are not 
: see fossils because, although they 
AN ASIDE: What is charcoal? It is fuel made are organic, and able to burn, 
from wood or animal bones. Rapid heating they were never buried and 
removes most of the water and oxygen, leaving compressed beneath earth’s 
a carbon substance which is easier to ignite than 
natural coal, and slow and even-burning. surface. ) 
F. Beeswax 
Cy Laper. 


How Do Fossil Fuels Work? 
A. 


The Life-Death Cycle of All Living Things 


How can something which is dug, drilled, or pumped from the earth be used as a 
source of energy? The answer lies in the life-death cycle of all living things, shown 
in the following drawing. Four hundred million years ago the earth was covered 
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Carbon 
Dioxide (CO,) SUN Water (H49) with thick vegetation (forests and 
XH) jungles) and had abundant animal and 
ENERGY ©) fish life. The cycle begins with three 


elements which are common in the 
earth: carbon, hydrogen, and oxygen. 
Plants take the carbon, hydrogen, and 
oxygen from the earth and, using the 
energy in sunlight, convert these 
materials into cells of stored energy. 


AN ASIDE: Students may remember 
from other science studies that this 
process is called ‘‘photosynthesis.”’ 


Energy is stored in the body in the form 
of sugars (carbohydrates). By taking in 
more oxygen (breathing), the plant or 
animal “‘burns”’ the stored carbohydrates 
giving off three things: 


> 


— (ile 
a ye rot: . 


Energy (used for growing or running) 


ENERGY USED Carbon dioxide (CO,) — exhaled by 
animals 
Oo WO Water (H,O) — exhaled by animals; 
Carbon Water (H50) also sweated out. 


Dioxide (CO,) ENERGY 


The cycle is now complete. What started as energy (sunlight), carbon dioxide, and 
water, ends as energy (animal or plant activity), carbon dioxide, and water. 


But What About Fossil Fuels? 


During their life cycle, living things do not use all the stored energy in their bodies. 
But after they die, other living things usually consume the left-over stored energy. 
These “‘other living things” are chiefly bacteria, or, if they are left exposed to the 
oxygen in air or water, they rot or decay (which, incidentally, is another way to 
describe slow burning). 


But suppose that the dead bodies of plants, animals, and fish are not exposed to 
bacteria or oxygen. Suppose, instead, that they are covered over by sediment, mud, 
lava, or other volcanic products before they decay completely. 


The result is seams and pools of organic matter pressed beneath the surface of the 
earth. This compressed matter is what we now mine as coal, oil, and natural gas. 
By burning these fuels in our ovens, trains, and automobiles, we convert them to 
energy, carbon dioxide, and water, completing the life-death cycle. 


AN ASIDE: The only difference between the oxydation that occurs in the normal 
life-death cycle of living things and that which occurs in a coal-fired furnace is the 


rate of burning. The release of energy in life activities and even in the decaying of 
dead matter is slow; in the furnace, it is rapid. 
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V. Energy Storage in Fossil Fuels 


A. Hydrocarbons are the source of fossil-fuel energy — The carbohydrates stored in 
the bodies of living things consist of the elements carbon, hydrogen, and oxygen, 
linked together. In the fossil fuels, the oxygen has been lost from the chain of 
elements, because of the pressures and heat of the earth over millions of years, 
leaving only hydrogen-carbon chains. We call these hydrocarbons. The hydro- 
carbons in these fuels are the source of their energy. Generally, the higher the 
hydrocarbon content of a fuel, the hotter it will burn. 


B. The heat value of the fossil fuels is often measured in British Thermal Units 
(BTU’s) — One BTU is the amount of heat energy required to raise the temperature 
of one pound of water one degree Fahrenheit. The relative heat values of the fossil 
fuels are compared with other fuels in the chart. 


AN ASIDE: If a family with a 10-room house uses natural gas for heating, it will 
use about 20,000 cubic feet (20 million BTU’s) during a cold winter month. 


This same heating job would require about one ton (2,000 Ibs.) of coal, or four 
barrels of oil. Many people prefer natural gas as a heating fuel because there is 
no ordering, no hauling, no storing, no shoveling, no stoking, and no ash cleanup. 


THOUSANDS OF BTU’S PER POUND OF FUEL (APPROXIMATE) 


S 10 ae 20 25 


LIGNITE 


COMPARE THE FOSSIL FUELS ABOVE WITH: 


DRIED WOOD 


CHARCOAL 


*Natural gas is normally measured in cubic feet; heat value is approximately 1000 BTU’s per 
cubic foot. The bar chart shows the approximate equivalence in pounds. 
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B. 


Fossil Fuels 


AN ASIDE: Compare the fossil fuels with uranium. One pound of uranium will produce 


the energy equivalent of 1,500 tons of coal. To show uranium on the fuel value chart 
would require laying one million sheets of this paper side-by-side. 


What Kinds of Energy Are Produced? 
A. 


Since the fossil fuels burn, they produce energy in the form of heat, called 
“thermal” energy. 


This energy can be used directly, as in cooking and baking ovens, steel smelting 
ovens, home furnaces, water heaters, cigarette lighters, etc. 


Heat energy can be changed (converted) to mechanical energy, as in the modern 
automobile where the rapid heating (explosion) of gasoline in the cylinder causes 
movement of the piston, connecting rods, and crankshaft, and eventually turns 
the wheels. 


Heat energy can be changed (converted) to electrical energy (NOTE: In the 
United States, over 40% of the fossil fuels mined are used to produce electrical 
energy — see the later unit on electrical energy). Examples of electrical energy are 
lights, electric stoves, appliances, electric power plants. (VOTE: One advantage of 
electrical energy is that it can be transported long distances.) 


AN ASIDE: Don’t forget that the fossil fuels, chiefly oil and gas, are used for purposes 
other than fuel. Many plastics, synthetic rubber, and synthetic fibers are produced from 


fractions of oil and natural gas. About 3% of the oil produced in the United States is 
used in these industries. 


The Location of Fossil Fuels 


A. 


B. 


Since fossil fuels were formed from the remains of plant and animal life that lived 
100 million to 400 million years ago, they are found where such life existed. 


The people who locate fossil fuels are called “‘geologists.” 

Geologists try to predict where fossil fuels are located by examining: 
1. Earth-surface structure. 

2. Core samples (test samples from drilling). 


3. Surface areas where fuels were previously found. 


AN ASIDE: Are fossil fuels still being formed beneath the earth? A few geologists say 
NO, because widespread volcanic activity is needed to form fossil fuels, and most 
volcanoes on earth have been dead for more than 100 million years. 


Fossil-fuel Reserves in the World (See World Map opposite) 

1. Map shows only the areas where fuels of high quantity and quality exist. 
2. Geologists feel that current estimates of location will not change much. 
3. Map does not show whether fuel is easy or difficult to mine or extract. 


a. Rocky Mountain area coal can be easily strip-mined. 


b. Floating oil and gas wells can currently operate in water depths up to 
300 ft. 
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4.- Map does not show relative quality of reserves that are shown. 


a. High quality — N.E. United States, Central Europe, Ural Mountain area 
of U.S.S.R., parts of China. 


b. Relatively lower quality — Rocky Mountain area of U.S. 
E.  Fossil-Fuel Reserves in the U.S. (See U.S. Map) 


Offshore Oil 


U.S. coal reserves amount to from one-third to one-half of the world’s total. 
U.S. oil and gas reserves amount to about one-tenth of the world’s total. 


Appalachian mountain area is main U.S. source of high-quality coal. 


a 


Western U.S. coal, until recently, has not been mined much because of its 
distance from large industrial center, but recent development of coal-fired 
electrical power plants in the West has made these coal fields more important. 
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AN ASIDE: Most coal seams are four to eight feet thick. Thinner seams cost too 


much to mine. Veins of coal up to 20 feet thick have been found in northeastern 
New Mexico, and up to 200 feet thick in parts of Wyoming. 


5. Major U.S. sources of oil and natural gas are in Texas, Oklahoma, Louisiana, 


and New Mexico, and the continental shelves off the Gulf Coast and southern 
California. 


F. Fossil-fuel Reserves in New Mexico 


ae 
Cie New Mexico ranks eighth among states in coal reserves (after Wyoming, 
Alaska, Colorado, West Virginia, Pennsylvania, Illinois, and Montana). 


i) 


Highest quality coal is mined in the northeastern part of the state, near Raton. 


3. The San Juan basin area near Farmington has large seams of lower quality coal 
close enough to the surface to be strip-mined. 


4. New Mexico ranks seventh among the states in oil production (after Texas, 
Louisiana, Alaska, Oklahoma, California, and Wyoming). 


VIII. Fossil Fuels from Source to Market 


A. Before fossil fuels can be used, the energy industry has three problems, besides 
locating, to solve. 
1. They must be mined or welled. 
2. They must be processed. 


3. They must be transported. 


IX. The Mining, Processing, and Transporting of Coal 
A. Coal Mining 
1. Coal can be strip-mined within 200 feet of the surface (VOTE: In strip-mining, 


huge earth-moving machines strip away topsoil and upper layers of sedimentary 
rock, exposing the coal for digging.) 


i) 


Coal that is deeper needs mine shafts. (NOTE: Some shafts are as deep as 
6,000 feet. Smaller shafts fan out from main shafts, following veins of coal 
until coal runs out.) 


B. Coal Processing 

1. Coal is processed at a processing plant. 

2. Coal is screened to remove rocks, dirt, and other wastes. 

3. Some coal is separated into about six different sizes for different uses. 

4. Some coal is crushed into powder for coal-fired electrical generating plants. 
C. Coal Transportation 

1. Coal is transported chiefly by railroad and/or lake barge. 


2. Industries that use alot of coal tend to locate near coal fields. 
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3. Coal-fired power plants have been built recently near the Four Corners area 
of New Mexico, Colorado, Utah, and Arizona, which is near large supplies of 
coal. 


AN ASIDE: Using coal for energy involves many health and environmental factors: 
@ Shaft mining can cause lung disease, toxic gas inhalation, cave-ins, and explosions. 


® Burning coal releases large amounts of poisonous gases and fly-ash into the air. 
@ Strip-mining defaces the countryside. 


These problems are discussed in a later unit. 


X. The Welling, Processing, and Transporting of Oil and Natural Gas 
A. Oil and Gas Welling 
1. Oil and gas are obtained by drilling wells into the oil or gas trap which may 
be 6,000 feet or more beneath the surface. 


2. Oil wells need derricks so that drilling equipment may be hoisted over the 
well. Equipment must be hoisted because: 


a. Drill bits must be replaced when worn out. 
b. Drill bits must be replaced when different types of underground 
material are encountered. 


3. When drill reaches the oil or gas trap, gas and/or oil are forced to the surface 
(called a “‘gusher’’). 


4. When a gusher occurs, the well is quickly sealed off with valves, to control 
flow. 


AN ASIDE: Offshore oil and gas are welled by means of floating derricks. 
These derricks and living quarters are constructed on huge pontoon platforms 
which are towed to the drilling site. If the water is less than 200 feet deep, 
telescoping legs are lowered and anchored to the sea bottom. If the water 

is deeper, the platform is secured by heavy cables fanning out in all directions 

as far as one and one-half miles from the platform, and these cables are anchored 
to 15-ton weights on the ocean floor. 


B. Oil and Gas Processing 


1. Crude oil and natural gas burn “‘dirty” (i.e., they emit smoke or noxious 
fumes). 


Oil and gas is processed as refineries. 
Refineries clean the fuel. 


Refineries also break the oil or gas down into different products (this is 
called “‘fracturing’’) — see diagram on next page. 


a. The fracturing process starts by heating fuel to allow components 
to separate. 
b. Heated vapors then rise to different levels in tall refining cylinders. 


c. As vapors cool and condense, different products are drawn off. 
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C. Oil and Gas Transportation 


rc Most important is the pipeline. 
uel Gas ? 
(Methane) a. More than 800,000 miles 
of pipeline exist for 
| \ natural gas transportation. 
b. Both liquid and gas 
a o> Gasoline products can be trans- 
ported in the same pipe- 
line. 
(NOTE: Different weights 
—— o> Jet Fuel keep them separated. Traces of 
radioactive elements inserted 
near the back of a flow signal 
ee C> Kerosene operators along the route as 
to when to shut valves or 
; divert flow.) 


o> Diesel Fuel AN ASIDE: The environmental 
problems caused by oil and gas 
; are far less serious than those 


caused by coal use. Oil spills 
ey Heating Oil from tankers and off-shore wells 
comprise the biggest problem. 


[> Lubricating Oil 


Crude Oil Sen 
Vapor b> 
icc 
Saige. 
raial Ne 
Jae S (a\ ee) 2 as 
D> Naty, poameerer: 
“700 


| Solids: Grease, 
Asphalt, Tar 


XI. How Much of the Fossil Fuel Reserve is Left? 


A. 


Amounts 

Geologists estimate the following total reserves of fossil fuels left in the world: 
1. Coal — 4 trillion (4,000,000,000,000) tons 

2. Oijul — 2 trillion (2,000,000,000,000) barrels 

3. Gas — 10 quadrillion (10,000,000,000,000,000) cubic feet 


Rather than try to remember these large numbers, we usually convert the quantities 
into energy equivalents. For example, the amount of coal left in the ground is not 
as important as how much heat energy it will provide. 
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B. Energy Reserves 
Energy experts measure energy needs on a large scale in terms of “‘quads.”’ 
1 quad of energy = | quadrillion BTU’s. 


Remember that a 10-room house uses about 20,000 BTU’s for heating during a 
winter month. A quad of thermal energy would heat two million such homes for 
1,000 years. 


The chart opposite shows world and U.S. fossil fuel reserves in terms of quads of 
energy potential. Note that coal reserves are so much larger than oil and gas 
reserves that coal has to be charted separately. The scale at the bottom of the 
chart is enlarged by 10, and coal is compared to the total of all oil and gas reserves. 


Of the world’s total energy potential from fossil fuels, the potential of coal is 
about ten times that of the other fossil fuels. The U.S. ratio is about the same. 


C. How Long Will They Last? 


The statistics given above and in the chart make it appear that the world’s supplies 
of the fossil fuels are unlimited. This is far from true, for our constantly expanding 
industrial world uses more fuel all the time. For example, fossil fuel energy used 
by the United States in 1974 was 73 quads, and this is increasing at the rate of 
about two quads per year. If this trend is projected into the future, United States’ 
fossil fuel reserves will be totally exhausted in less than 300 years. 


AN ASIDE: Although the United States contains only 10% of the world’s oil, in 1966 
we produced (welled) 40% of the oil used in the world. If this rate were continued, 
America’s oil reserves would be used up before the year 2,000. So the United States 


has cut back on the production of domestic oil and is importing about 42% of its 
needs. This also is undesirable, because it makes this country politically and 
economically dependent upon foreign oil-producing countries. 
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SOME SUGGESTED TEST QUESTIONS RELATED TO EACH OBJECTIVE 


1. Name the three basic characteristics of a fossil fuel. 
2. Name three examples of fossils that are not fuels. 
3. Name at least five examples of fuels that are not fossils. 


4. Check which of the following statements are true of how fossil fuels work: 


a. The life-death cycle of all living things begins with the elements carbon, 
hydrogen, and oxygen. 


b. | Energy is stored in the body in the form of sunlight. 
Bodies take in oxygen by breathing. 


d. Oxygen burns stored carbohydrates to give off energy, carbon dioxide, 
and water. 


e. Sweat is the same as energy. 


f. Fossil fuels, even though the fossils are dead, produce energy in essentially 
the same way living organisms do. 


g. Decaying of dead matter is a form of “‘burning,” just slower. 
h. Fossil fuels are simply dead plants and animals that were buried and com- 
pressed before all their stored energy was burned or eaten. 
5. Check which of the following statements are true of energy storage in fossil fuels. 
The source of fossil-fuel energy is hydrocarbons. 


a. 
b. Hydrocarbons are made up of soaked carbon paper. 


? 


The higher the hydrocarbon content of a fuel, the hotter it will burn. 
d. BTU stands for British Ton Universal. 


e. One BTU is the amount of heat energy required to raise the temperature of 
one pound of water one degree Fahrenheit. 


f. | Bituminous coal gives just as many BTU’s of energy per pound of fuel as 
gasoline does. 


6. Before each of the following descriptions of uses of fossil-fuel energy, place a ““T”’ for 
those that are directly thermal, an ‘“‘M” for those that are mechanical, and an “E” for 
those that are electrical. 

a. Light bulb 

b. Home furnaces 

c. Microwave oven. 

d. Automobile engine 


e. Cigarette lighters 
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10. 


ale 


Which of the following statements about locating fossil fuels are true, and which are 
false? 


a. The only way to locate fossil fuels is to dig deeply and test the soil you dig up. 
b. People who locate fossil fuels are called either ‘‘old fossils” or ‘‘old fuels.” 


c. The world map in the book showing fossil fuel reserves shows only the areas 
where fuels of relatively high quality and quantity exist. 


d. It is difficult to get some of the fossil fuels shown on the world map in this 
book. 


e. New Mexico ranks 8th in the nation for coal reserves. 


Name three problems (besides locating) that the energy industry must solve before fossil 
fuels can be used. 


Check which of the following statements are true of the mining, processing, and trans- 
porting of coal. 


Coal that is deeper than 200 feet is strip-mined. 


The reason they screen coal is to break it down into powder. 


a. 

b. Coal that is deeper than 200 feet needs mine shafts. 

G 

d. 

e. Industries try to stay as far away from coal processing plants as they can 
because of the smoke. 


Coal is transported mostly by railroads and lake barges. 


Check which of the following statements are true of the welling, processing, and 
transporting of oil and gas. 


____a. Some oil and gas wells are as much as a mile deep. 

b. Oil derricks are built above wells primarily to stake out a claim. 
Drill bits get changed when they wear out. 
Refineries both clean and “‘fracture”’ oil and gas. 
Oil and gas burns clean when it comes from the well. 


C 

d 

. 

f. Oil and gas are most often transported by pipeline. 

g. Oil must use one kind of pipeline and gas must use another. 
k 


which of the following statements is true of existing reserves of fossil fuels. 


A “quad” of energy equals | quadrillion BTU’s. 


a 

b. Oil reserves are the greatest. 

Cc The potential of coal is about 10 times that of other fossil fuels. 
d 


Fossil fuels will last forever. 


e. USS. fossil fuels will run out in about 300 years. 
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ANSWERS-TO TEST 


1. Organic, buried and compressed after death, will burn. 
2. fossil rock, petrified wood, imprints 


3. Any five of following: 
sulfur and phosphorus 
black powder 
solid rocket propellant 
wood 
charcoal 
beeswax 


paper 
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8. They must be mined or welled 
They must be processed 
They must be transported 


9 ibd 
LO trac dou 
Liga. cee 


mes (Jie 


Part I — What Is Energy? Fossil Fuels 


CLASSROOM ACTIVITIES 


A. 


Identify Fossil Fuels 


Have samples of the following materials handy (students may be asked to bring the 
more common ones which are safe to carry): 


@ Fossil fuels: Coal, coke, motor oil, gasoline, kerosene, lighter fluid (both liquid 
and butane), peat (if obtainable). 


@ Non-fossil fuels: Paper, wood, beeswax, charcoal, matches 
@® Non-fuel fossils: Petrified wood, rock fossils 


Challenge students to identify the items by the classifications given. Demonstrate the 
difference between the fossil fuels and rock fossils by attempting to ignite small portions 
of each (under a plexiglass shield). Point out the slow burning rates of coal and charcoal 
as opposed to the rapid combustion of paper, wood, and lighter fluid. (VOTE: Use only 
a drop or two of lighter fluid and ignite under a plexiglass box shield using long fire- 
place matches and gloves.) 


Emphasize the fact that burning rate is a function of the availability of oxygen. Those 
which contain quite a bit of oxygen (paper and wood) burn more readily than those 
which contain little oxygen (coal and charcoal). Those which are powders or gases 

burn more easily than the solids. (Coal powder or sawdust sprinkled over a candle flame 
will demonstrate this last point.) Exhibit one-pound quantities of coal, coke, wood, and 
oil to help students visualize the fuel value. (NOTE: One cubic foot of gas equals about 
74 gallons in volume.) . 


Materials needed: 

1. Fuel and non-fuel samples listed above 

2. Candle or Bunsen burner, and long matches 
3. Plexiglass box shield partially open at one side 
4. Gloves 

5 Metal dish for burning samples 

Evidence That Fossil Fuels Produce Thermal Energy 


If the students are preparing a compost pile (suggested as a class project in the “Energy 
Conservation” handbook, page 14), this can be used to demonstrate that the slower 
forms of oxidation (decay, in this case) produce energy in the form of heat. 


When the pile is mature (decay well in progress), have the students insert an outdoor 
thermometer in it for a few minutes; the pile should indicate a temperature higher by 
a few degress than the surrounding soil or air. It may feel warm to the touch. At the 
first winter snowfall, students may notice that the snow melts on top of the compost 
heap. (Since decomposition stops at temperatures below freezing, this project will not 
work during cold winter months.) 
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C. Modern Trend Toward Gas and Electricity for Energy 


Ask students to talk to older people they know (grandparents or neighbors of that age) 
about the forms of energy used in their homes or businesses when they were young. 
Invariably, some will tell stories about the use of fuel oil or oven coal or wood for home 
heating and cooking. Ask students to compare these stories with current energy uses 

in their homes and in school. 


D. Amounts of Energy Used in the Home 


Ask students to bring a recent home gas bill to class. Show them how to determine 

how much gas was used in the period covered. (Gas bills show total usage in thousands 
of cubic feet of gas.) Challenge them to convert this to total energy used, assuming 

that one cubic foot of gas equals 1,000 BTU’s. Compare totals of those who come from 
all-gas homes with those from homes with electric heating, where gas might be used 

for water heating only. 
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RELATED STUDIES 


A. 


Biology 


When covering the material on how fossil fuels work and the description of the life- 
death cycle, it helps if students understand the principles of photosynthesis, 
respiration, oxidation, and transpiration. If students have studied this in biology, 
ask them to relate these studies to fossil fuel formation. 


Geography 


While examining the world and U.S. maps showing location of fossil fuel reserves, ask 
students to identify the countries and states where the fuels are shown to be more 
plentiful. 


Mathematics 


Using the fuel values in BTU’s given in the chart, have students compute the total 
energy used for different quantities of fuel. Given the total energy reserves of coal, 

oil, and gas for both the world and the United States (see chart, page 13), have students 
compute what percentage of these fuels are in the United States. 


History and Social Studies 


The Industrial Revolution is a major topic in history studies. Ask students to relate the 
industrial revolution to man’s discovery and use of the fossil fuels. (Encyclopedias give 
brief histories of the development of the fuels.) Of the four major oil-producing countries 
of the world, the United States and Russia are industrial countries, but Arabia and 
Venezuela are not. Ask students if they can explain this. (The answer is that Arabia 

and Venezuela were not industrial nations when oil became a major source of energy; 
these products are more valuable to them as export commodities than as a means for 
developing an industrial economy.) 
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UNIT 3 
ELECTRICAL ENERGY 


UNIT OBJECTIVE 


At the conclusion of this unit the student should be knowledgeable of the uses of electricity, 
the electrical nature of matter, static and current electricity, different types of electric 
current and the devices used to produce electricity, various methods of commercially 
producing electricity, and the demands for electricity. 


ne LE CIFIG OBJECTIVES 


Upon completion of this unit the student should be able to: 


le 


Ww 


Nn 


List in order from the heaviest to the lightest the users of electricity in the United States 
when given the list of users. 


When given the basic parts of an atom give the correct polarity of each part. 
Select the reason static charges are negative or are positive. 


a. Recognize a valid statement regarding the nature of current electricity. 
b. Match the units of measurement with the proper electrical phenomenon. 


Complete a sentence requiring the unit of measurement of frequency. 


a. Match the definitions with the name of the electrical device (battery and generator). 
b. State the reason AC is used by power companies rather than DC. 


a. Identify how steam-powered generators use fossil fuels, nuclear reactors, geothermals, 
and solid wastes. 

b. Select three statements of four that are true concerning water-powered generators. 

c. Recall two different types of internal combustion engines used with generators. 


Select a correct statement regarding the storage of generated electrical power. 


Satisfactorily perform two or more student activities regarding the generation and 
demands for electricity in New Mexico. 


This unit refers to pp. 3—5 of the booklet, Energy Conservation. 
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Part I — What is Energy? Electrical Energy 


INFORMATION 


Uses of Electricity 


Can you even imagine everyday life without electricity? We use electricity for many 
purposes including heating, cooling, entertainment, communications, hospitals, 
manufacturing, and shopping centers. There is a fantastic demand for electrical power 
in the United States. One-fourth of all energy consumed is to produce electricity. 


A. Industrial Use = 


Electricity 
_—7 _ Chemicals 
—, Metals 
Raw 
— +> Consumer Products 
; INDUSTRY 
Materials "> Other Products 


Industry uses large motors, cranes, electric plating equipment, electronic instruments 
and many other types of electrically operated devices. Over 40% of the electrical 
energy produced is used by industry 


B. Home Use 


The United States uses more electrical appliances in homes than any other nation. 
More and more work around the home is done by turning on an electric switch. 
Over 90% of all homes in the United States have electricity. Homes use 30% of the 
electrical energy consumed in our nation. 


C. Commercial Use 


Businesses such as banks, movies, offices and all similar non-home users (excluding 
industry) are included in the classification ‘““commercial.”” Commercial use accounts 
for over 20% of the electrical energy consumed. 


D. Transportation Use 


The first public use of electricity was to light the streets. Lighting streets does much 
to prevent crime and to improve highway safety. Electrically operated trolleys and 
trains are used in some parts of the United States. Transportation accounts for 
approximately 4% of the electrical energy used. 


Electrical Nature of Matter He may be just 4 collection of atoms 
but... I sure like the way hes got 


it. all together. 


All matter is composed of atoms. This 
includes your desk, your book, and even 
you. Atoms are made up of electrical 
particles and energy. 
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Atoms have a dense central portion called the nucleus. Inside the nucleus are positively 
charged particles called protons, and particles with no charge (neither positive nor 
negative) that are called neutrons. These two particles inside the nucleus are both about 
the same size. The nucleus is surrounded by spinning and moving particles called 
electrons. (See Fig. 2). Electrons are negatively charged particles of electricity. 


The electron is extremely small in 
comparison with a proton or neutron. In 
fact, a proton is approximately 1,840 
times bigger than an electron. Usually an 
atom is neutral; that is, it has an equal 
number of protons and electrons. Protons 
and neutrons are bound very tightly in 
the center of the atom, but electrons can 
move freely. 


@ All matter is composed of atoms. 


@ Atoms are composed of neutrons, 
protons, and electrons. 


Neutron 3 : 
@ Electrons are relatively free to move. 


Static Electricity 


When an atom acquires additional electrons, there will be more electrons than protons, 
so the atom will be negatively charged (excess electrons). On the other hand, when an 
atom loses electrons, it will be positivelv charged because of the protons in the nucleus 
(electron deficiency). 


Living in the dry southwest, we are all familiar with static electricity charges. These 
build up on a dry winter day when we walk across a wool or nylon carpet. Then we get 
“shocked”? when we touch a metal door knob. 


Lightning is another example of static electricity. The movement of air or of clouds 
causes electrons to be moved from atom to atom. When a large static charge builds up, 
we see the resulting flashes of lightning from the earth to the sky or from cloud to cloud. 


pire 
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Current Electricity 


Current electricity consists of the flow of electrons. Current electricity is capable of 
performing work. Some materials have electrons that are free to move — these are 
called conductors. Other materials have electrons that are quite reluctant to move — 
these are called insulators. Three things are always present whenever anything moves 
in the physical world: 


® A difference in force between one point and another. 
@ Something that will move from the first to the second point. 
® Opposition or resistance to the movement. 


In electricity, the force differential is called electromotive force (EMF) or, sometimes, 
voltage. The electrons are the flow or current. And real opposition is called resistance. 


@ Llectromotive force is measured in volts. 
@ Llectrical current is measured in amperes. 
@ Electrical resistance is measured in ohms. 


It takes one volt to cause a current of one ampere to flow through a resistance of one 
ohm. Mathematically, the relationship is: 


E=IxR _ Eis the voltage, I is the current, R is the resistance. 
This formula is known as Ohm’s law. 


The amount of power used in an electrical circuit is found by multiplying the amount of 
voltage and the amount of current. 


@ Electrical power is measured in watts. 


The amount of electrical energy consumed is measured in kilowatt-hours. That is, the 
amount of power you are using multiplied by the number of hours it is used. A kilowatt, 
of course, is equal to 1,000 watts. | 


Types of Electric Current 

There are two types of electric current: 

@ Alternating Current (AC) — current flows in both directions. 
® Direct Current (DC) — current flows in onlv one direction. 


A battery, for example, has one positive terminal and one negative terminal. When a 
circuit is connected to a battery the electrons flow from the negative terminal through 
the circuit and then re-enter the battery through the positive terminal. 


Alternating current flows first in one direction and then the other. This is the type of 
current normally supplied by power companies. The flow of AC in one direction, reversing, 
flowing in the other direction, reversing, and beginning to start all over again, is called a 
cycle. 


@ Frequency is the number of cycles per second. 
@ Frequency is measured in hertz 


@ One hertz equals one cycle per second. 
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Electric power companies in the United States generate electricity with a frequency of 
60 hertz. Some countries in the world use 50 hertz. 


Devices Producing Electricity 
A. Batteries 


Batteries convert chemical energy into electrical energy. Batteries have two electrodes 
(conductors) made of different materials that are located in a chemical solution 

called the electrolyte. The chemical reaction of the electrolyte with the electrodes 
causes a voltage differential to be produced at the battery terminals. When a circuit 

is present, the electrons flow. The electrolyte can be acid or alkaline either in solution 
or in a semi-solution or paste form as is found in the misnamed ‘“‘dry-cell” battery. 


Carbon 
Rod Electrodes 


Zinc Case 
Electrolyte 


Damp Paste 
Electrolyte 


Electrodes DRY CELL 
WET CELL BATTERY 


Although important in many applications, batteries supply almost none of the 
commercial electrical energy required in our nation. 


B. Generators 


A generator converts mechanical energy into electrical energy. Generators produce 
electricity by moving a magnet past a coil of wire, or by moving a coil of wire past 
a magnet. When this is done, an AC voltage is produced at the ends of the wire 
making up the coil. AC generators are often called alternators. A special rotating 
type of switch can be connected to a rotating coil and the generator output will 
be DC. DC generators were once used in American automobiles, but today’s cars 
use alternators. 


Alternating current is usually produced by power companies because AC can be 
delivered over long distances easily. 


- 40 - 
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SIMPLE GENERATORS 
Magnets 


Rotating Magnet 


oa 


Rotating Coil 


Electricity 


C. Other Devices 


Many other devices can produce electricity for special purposes. However, so far, 
none of them can produce electricity for commercial power use, especially at the 
same cost. Fuel cells, for example, are used aboard space ships. Fuel cells have a 
liquid fuel applied to one electrode and oxygen applied to the other which 
produces electricity. The fuel cell is quite expensive and is used in space vehicles 
primarily because it is light in weight. Another promising development is the 
solar cell which produces electricity when exposed to sunlight. Again, the expense 
is very high for each watt of power produced when compared to either batteries 
or generators. 


Generating Electricity 


The commercial generators used for producing electrical power are driven (caused to 
rotate) by: 


@ Steam power 
e@ Water power 


@ Internal Combustion Engines 
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A. Steam Power 


Eighty percent (80%) of the electrical power used in the United States is produced 
by steam power. 


Water is heated in a boiler until it becomes steam. The steam passes through a steam 
turbine (a form of special ‘‘water wheel” that uses steam; See Illus. below). This causes 
the turbine to rotate. The turbine is connected to a generator and thus produces 
electricity. After passing through the turbine, the steam is condensed back into 

water and is pumped back into the boiler. Steam-powered generators are often 

called thermal-powered generators. 


STEAM GENERATOR 3 
Turbine 


Electricity 


Say A — Le Generator 


Pump Condenser 


Different types of energy sources are used to provide the heat which produces the 
steam: 


1. Fossil Fuels (coal, natural gas, oil) 
2. Nuclear Reactors (nuclear reactions provide heat) 

3. Geothermal (heat from earth’s interior — geysers) 

4. Solid wastes (trash from homes and community that burns) 
B. Water Power 


Water power (hydroelectric) produces 17% of our electrical energy. Water power is 
used by passing water from a high level to a low level through a water turbine. The 
turbine is connected to the shaft of the electrical generator. When the turbine turns, 
the generator turns and produces electricity. In the United States almost all of the 
usable locations for water dams have been used. 


Water 


Dam 


Turbine & Generator 
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VIII. 


C. Internal Combustion Engine Power 


There are several different types of internal combustion engines used to drive 
electric generators. 


1. Diesel Engines 
2. Gasoline Engines 
3. Turbine Engines 


Many cities use diesel engines for the mechanical power source to turn electrical 
generators. Also, hospitals, industries, and others use diesel engines driving 
generators for emergency power when the regular power is not available. Gasoline 
engines similar to the automobile engine are used to drive smaller generators. 
Frequently the gasoline engine generator is portable and is easily moved from 

one location to another. The power company will often have a very large generator 
powered by an internal combustion turbine which is actually a heavy-duty jet 
airplane engine. 


The operating cost of the turbine-driven generator is quite high; therefore, it is 
used only for emergencies or when the demand for electricity overloads the 
generators available normally. 


Demand for Electrical Energy 


A unique feature of electrical energy is that it cannot be stored and must be used at the 
instant it is generated. The power company must be able to provide sufficient electricity 
to supply the demand at its maximum level. There is often more demand for electricity 
in the summer than in the winter because of the use of air conditioners in hot weather. 
There is more demand in the winter months than in the spring or fall because of the 
heating systems in buildings and homes. Power companies meet the peak demands of the 
summer and winter in various ways. They put more generators into service when needed, 
or they buy electricity from neighboring producers. The electrical transmission lines of 
the nation are interconnected so that the various producers of electrical power can help 
each other meet the local needs. You may be using electricity generated in the State 

of New Mexico in March, and in August you may be using electricity generated in a 
neighboring state if the local generators cannot meet the peak demands. 


Relative 
Demand 


Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. 


ELECTRICITY DEMAND VARIES 
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Part I — What is Energy? Electrical Energy 


SUGGESTED TEST QUESTIONS 


lt 


* 


6. 


rail BA 


In the space provided write for the largest user of electricity, then “‘2” for the next 
largest, then “3”’ and “‘4” for the smallest users with ‘‘4’’ being the smallest of the four. 


Commercial use 


(ea 
_b. Home use 


Cc. Industrial use 


d. Transportation use 


For the following state the correct polarity: + for positive, — for negative, and n for 
neutral or no charge. 


a. Electron 
__b. Proton 
c. Neutron 
A static charge of electricity is negative when there is (an excess) (a deficiency) of 
electrons. It is positive when there is (an excess) (a deficiency) of electrons. 
A. Which of the following statements best describes current electricity? 


Current electricity is: 


__ (1) the flow of protons 
(2) an accumulation of electrons 


_ (3) the flow of electrons 


—___ (4) the movement of atoms in wires 


B. Write the unit of measure that corresponds with the electric item listed. 


Item Unit of Measure 
___ (1) ~Electromotive force a watt 
PP ey ae b. Ohm 
= V5) “Resistance ce. Watthour 
____ (4) Power d. Ampere 
____ (5) Electrical energy €. Volt 


The AC electricity in your home has 110 volts and has a frequency of 60 _ 
(Note: Answer with one word only.) 


A. Match the definition with the proper word. 
» _(f)- Generator a. Converts chemical to electrical energy. 


___(2) Battery b. Converts mechanical to electrical energy. 


B. Power companies produce AC electricity rather than DC because 
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7. A. Fossil fuels, nuclear reactors, geothermals, and solid wastes all are used with steam 
generators as: 


—__ (1) hydroelectric sources 
= *(2)- sources of heat 
____ (3) alternate direct generators of electricity 
____ (4) __ these are not used with steam generators 
B. Place an “*X”’ in front of the statements below that are true. 
____ (1) Water power generation is also known as hydroelectric generation. 


____ (2) The United States has many more excellent dam locations that can be 
used to generate electricity. 


(3). There is little room for expansion using water to power electrical 
generators. 


____ (4) Water flows from a high level to a lower level in water power plants. 


C. Name two internal combustion engine types that are used to generate electricity. 


8. One unique feature of generating electrical energy is: 
Sen a enit cannot berstored 
___b. it is easily stored by the power company 
__c. It is not necessary to use as generated 


d. The demand is constant during the year. 
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ANSWERS TO TEST 
i (3) 
(2) 
(1) 
(4) 


east. 


A. (>) 
Baty 
wan 


3.) -san excess 
a deficiency 


4. A. (3) 
B. (1) () 
(2) (d) 
(3) (b) 
(4) (a) 
(5) () 


5. Hertz 
62 SA Cl eth) 
(2) (a) 


B. AC can be transmitted over long distances (or words to that effect). 


TE Ns hes: 

Boe (34) 

C. Diesel, gasoline, jet or gas turbine (any two in any order). 
Saat 


2 Aa" 


Part I — What is Energy? Electrical Energy 


SUGGESTED STUDENT ACTIVITIES 


10. 


11. 


Rub a plastic comb with a piece of wool. See if the comb will then pick up small pieces 
of paper. 


Look up the article on electricity in an encyclopedia (such as World Book, Americana, 
etc.) and perform one or more of the experiments suggested. Share the results with the 
class and explain what is happening. | 


Gather the free materials distributed by the electrical power company. Read the contents 
and decide what is useful information and what is propaganda. Discuss in class. 


Make a list of all the electrical appliances used in your home. Compile a list of all in 
class. 


Learn to read the electric meter on your house. Read the meter for a period of a week 
and compare with your classmates the amount of electricity used in your homes. 


Find out how electric power is generated in the State of New Mexico and especially 
how it is generated close to or in your home town. For example. does New Mexico have 
any hydroelectric plants? Is coal, oil, or natural gas used in the production of electricity? 


Arrange a field trip to the nearby power generator station to observe how electricity is 
generated and distributed. 


The electricity generated by the power companies is AC. Look up in an encyclopedia 
how electricity is distributed throughout the nation and find out why AC is used rather 
than DC. After you have done this, find out how the voltage is reduced just before it is 
wired into your home. 


Find out how many nuclear reactors are generating electricity in your state (if none, 
locate the nearest location planned for a nuclear reactor generating plant). 


Find a hospital or a business in your community that has an emergency electrical 
generator. Describe how this generator works and when it is used. If there is no 
emergency generator in your community, locate a portable electric generator and 
describe how it is used. 


Obtain a copy of your family’s electric bill and explain all of the entries on the bill. 
Discuss in class the meanings of these entries. 
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12. Work the following word scramble. Find the words listed below vertically, horizontally, 
diagonally, and in either direction. 


BE ee aC) RATS alae WORDS 
VOIEWN-OsteO ROPSA Neves Volts Anode 
FiO HeMUS WS hei e Te Oak, Watts Hydro 
CoH BaD GuSsA Gals Wolest Ohms Oil 
NOB PU eT Ri@anc Ore DIG Watthour Fuel 
AHAAS YDMHRNAI Resistance Gas 
TWATTHOURNAMR Electromotive Demand 
S “DAN OSWARA PO AAS Pel Alternator Water 
LAR OgMa eae 7 Le Be Voltamperes Neutron 
SED Gib Ach — TO: DRE Electricity Electron 
bebe ECT’ heietea ho ele Wire Proton 
Ret liets Hebel NAS Ver Nat Hertz Atom 
PW AS -EvsOO OR DY HE Lighting 


For example: The word HYDRO is found from right to left on the bottom line. 
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UNIT 4 
NUCLEAR ENERGY 


UNIT OBJECTIVE 


Upon completion of this unit, students will be able to demonstrate knowledge of basic terms 
related to nuclear energy, the essential processes of nuclear energy production, and the 
future possibilities of nuclear energy in relation to other energy sources. 


SPECIFIC OBJECTIVES 


Upon completion of this unit, students will be able to: 


E 


) 


—- 


£5 


10. 


ap 


Match terms related to nuclear energy with their definitions. 
Select from given statements those that accurately describe the nature of an atom. 


Select from given statements those that accurately describe the nature of an atom’s 
nucleus. 


Identify which of given statements concerning atomic energy production are true, and 
which are false. 


Select from given statements those that accurately describe how the tremendous energy 
potential in an atomic nucleus gets unleashed and used. 


a. Name the four main parts of a nuclear reactor. 
b. Identify which of given statements about the function of a nuclear reactor are true 
and which are false. 


Arrange in proper sequence given descriptions of steps involved in producing electrical 
energy in a steam-generating nuclear-reactor power plant. 


Name the four major problems involved with nuclear reactors and/or the use of nuclear 
energy. 


Select from given statements those that are correct concerning the history and current 
state of nuclear energy production. 


Select from given statements those that are correct concerning the future of nuclear 
energy. 


Perform at least one of the classroom activities listed at the end of this unit. 


This unit refers to pp. 5—6 of the booklet, Energy Conservation. 
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BASIC INFORMATION 


| 


II. 


ss 


Words and their definitions that students need to know: 
A. 


Atom — From the Greek, meaning literally ““without cutting.’? The word was 
invented by Democratus around 400 B.C. as a name for the part that would be 

left that couldn’t be divided any more, if you cut matter many times into smaller 
and smaller pieces. No one has ever seen an atom; the word “‘atom’’ is simply the 
name of a theoretical thing that Democratus thought about. Until about 1800 A.D. 
no one proved him wrong. Now we know that what Democratus thought was an 
atom is something that can still be broken into even smaller parts. But we’ve kept 
his word. 


Nucleus — The center part of an atom, made up of what are called protons and 
neutrons (NOTE: The plural of nucleus is nuclei). 


Nuclear — An adjective meaning “of or pertaining to a nucleus’’ — in this case, 

the nucleus of an atom. (NOTE: This word “‘nuclear’’ is going to be used more and 
more, yet already it is frequently mispronounced, even by nuclear scientists. 
Probably because of laziness, or because of lack of knowledge of the word’s roots, 
you hear people pronounce it NEW-KEW-LER. Few people mispronounce the word 
“nucleus” (NEW’-KLEE-US), though, so perhaps the way to keep another generation 
from mispronouncing it would be to point out that if “nuclear” relates to 
“nucleus,” then the pronunciation should also relate. The proper pronunciation 
of “‘nuclear,”’ of course, is NEW’-KLEE-ER.) 


Proton — The positively charged part of an atom’s nucleus. 
Neutron — The part of an atom’s nucleus that has no electrical charge. 


Electron — The negatively charged particles that revolve in orbit around the nucleus 
of an atom (a stable atom has an equal number of protons and electrons — 1.e., 
equal positive and negative charges). 


Element — A substance which is unlike any other substance and which cannot be 
separated into any other substances different from itself. An element may have 
many atoms, but all the atoms it has are the same. 


Fission — Used as a noun (as in “‘nuclear fission’’) it means splitting; used as a verb 
(as in ‘“‘when an atom fissions’’) it means splits. 


Fusion — A combining (in this case, the combining or fusing of two atom nuclei). 


The Nature of an Atom 
A. 


An atom is very small 
1. No microscope can enable us to see it. 


2. We know of its existence only by logic. 


mete 
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AN ASIDE: If an atom were as large as a pinhead, the atoms in one 
single grain of sand would cover an area the size of the city of Albuquerque, 
New Mexico (about 82.4 square miles) with a pile of pinheads 50 feet deep! 


B. An atom is something like a small solar system. 
Nucleus 


Sun 
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AN ATOM A SOLAR SYSTEM 
1. The center is the nucleus, corresponding to the sun in our solar system. 


i) 


The rest of the atom is mostly space, dotted with tiny, almost weightless, 
negative charges, called ‘“‘electrons”; these correspond to the planets around 
the sun. 


3. Just as our sun is tremendously larger than the planets, the nucleus of an 
atom is about 2,000 times the size of an electron. See drawing, to visualize the 
relative sizes. 
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Nuclear Energy 


If a Nucleus were the size of a baseball . . . 


Its orbiting electron would be about 
as large as a raspberry seed... 


AND A FOOTBALL FIELD AND A HALF APART! 
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Ill. The Nature of a Nucleus 


A. 


An atom’s nucleus is made up of clusters of protons and neutrons. 


f 


Zz 
3; 
4 


Protons and neutrons are about the same size. 
Protons are positively charged; neutrons have no electrical charge. 
The nucleus makes up practically all the weight and mass of an atom. 


The number of protons in a nucleus (in a stable atom) is equal to the number 
of electrons that orbit the nucleus. 


a. Hydrogen (the lightest atom) has one proton and one electron. 
b. Uranium (one of the heaviest atoms) has 92 protons and 92 electrons. 


Since practically all the weight of an atom is in its nucleus, each of the known 
elements is charted according to the number of protons and neutrons in the 
nucleus of the atom that identifies that element. 


ie 


The element “hydrogen” is identified as H! (the ©!’ means one proton and 
no neutrons). 


555 
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2. The element “oxygen” is identified as O'® (the “!©” means 8 protons and 8 
neutrons). 


3. The element “gold” is identified as Au!9” (the “!97” means 79 protons and 
118 neutrons). 


4. The element “uranium” is identified as U23® (the 238” means 92 protons and 
146 neutrons 


IV. Virtually all Energy Relates to Atomic Energy 


A. When any energy source gives off energy, the structure of the atoms in the elements 
that make up that energy source is being changed. 


1. When wood burns... 

a. Applied heat (when you light the fire) causes the atoms in the various 
elements that make up wood to become agitated (move rapidly). 

b. The atoms collide with one another more and more as they become 
more and more agitated. 

c. Electrons get all mixed up. 

(1) They either get pulled from their original orbit to the orbit of 
another atom, or 
(2) They move into closer orbit around the nucleus in their own atom. 

d. When the electrons get in closer to the nucleus of their own atom, the 
pull on them from that nucleus is reduced. 

e. The difference in energy exerted on the electron is released in the form 
of what is called a “‘photon” (a ray of light). 

f. |The photons strike electrons in other atoms, and the same process occurs 
again and again, until... 

g. All elements become stable again in the form of new compounds 
(carbon ash, water vapor, carbon dioxide, etc.) That is, the fire goes 
out, and you’ve got ashes left, and water vapor and gas has gone up in 
smoke. 


B. But burning affects only the electrons, not the nucleus. 


AN ASIDE: If you could completely burn a block of wood inside a closed container 


on an accurate balance scale, the weight of the block before burning, and what was 
left after burning would be perceptibly the same. 


C. There’s even more energy in the nucleus. 


1. The amount of energy in the nucleus (which, remember, is almost the entire 
weight and mass of an atom) was known before it was ever released because 
of Einstein’s famous mass-energy equation: E = mc?. 


Ste 
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2. Here’s how to figure the amount of energy in an atom’s nucleus: 


E=mc2 


“RE” stands for “‘Energy.”’ 


“‘m’’ stands for ‘‘mass.”’ 


ec? 
Cc 


stands for the speed of light (186,000 miles per second, or, in metrics, 
30 billion centimeters per second — 30 billion cm/sec) 


“c?” stands for the speed of light squared (i.e., multiplied by itself). 


Now, suppose you want to find out how much energy there is in a strand of 
human hair. The mass of a strand of hair is about 0.001 (1/1000th) of a gram. 
Now we know two parts of the equation (m is 0.001, and c is 30 billion — 
note that we use the metric values so that the equation can be consistent), 
and we can solve the problem: 


Lap iiss eee Ce ae ee 
E = 0.001 gram x 30 billion cm/sec x 30 million cm/sec 
E = 0.001 x 900 quintillion 

E= 900 quadrillion ergs 


(NOTE: “Erg” is the measurement standard you use when you are talking 
about the energy in a mass of a certain number of grams; it’s the metric unit 
for energy. One erg, incidentally, is about the amount of energy with which 
a strand of hair would hit the floor if you dropped it from a height of one 
centimeter [about 5/8 of an inch] ). 


Another way to put it: E = 900,000,000,000,000,000 ergs. 
And what does that mean? 


It means that that strand of hair has enough energy in it to blast a heavy 
automobile a few thousand feet into the air! 


There, that'll teach you 
to touch a hair of my 
chinny-chin - chin ! 
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V. How the Tremendous Energy in the Nucleus Gets Unleashed and Used (See Diagram, p. 9) 


A. Nuclear fission is the splitting of the nucleus of a uranium atom by bombarding it 
with a neutron (“‘fission” was first accomplished in 1938 by two German scientists). 


1. The results of nuclear fission are: 


a. Two new atomic elements are formed, each lighter than uranium. 
b. Two free neutrons are released. 
c. Energy is released. 


B. Chain Reaction — When the free neutrons that are released from the fission of the 
nucleus of one atom go on to bombard the nuclei of other atoms, each new fission 
releases two new free neutrons, which bombard still more atoms, and so on. 


© A chain reaction takes place in one-millionth of a second! 


When anything happens that fast, it is an explosion — a big explosion! 


Imagine this line to represent the duration of a millionth of a second. 


] In the amount of time represented by the dot, | fission, giving off 2 free 
neutrons, takes place. 
S12. ——_-—s— In the length of time represented by this line (1/10 of 1 millionth of 


a second) 512 fissions have taken place, and 1,024 free neutrons are 
out bombarding other nuclei. 


2,000,000,000,000,000,000,000,000 


And in the whole period — a whole millionth of a second — more than two 
septillion (that’s 2,000,000,000,000,000,000,000,000) nuclei have fissioned, 
making an explosion equivalent to the explosion that 20 kilotons (20,000 tons) 
of TNT would make! 

C. Controlling Nuclear Fission 


1. The uranium used as an energy source (i.e., “enriched” uranium, or Ue 
separated for use as an energy source) is easy to fission (split). 


2. The problem is to enable the U3> to fission, and to begin a chain reaction, 
but to keep it from exploding — in short, the problem is to control the energy 
and make it last longer, a lot longer than one millionth of a second. 


3. Scientists have found that a mass of uranium can be kept from exploding by: 


a. Storing the material in small quantities (small amounts of material do 
not trap neutrons). 


b. Shaping the mass so that it has a large surface area (such a shape — flat 
disks, called “‘buttons’’ — allows most neutrons to escape from the mass.). 


4. If the size and shape of the material allows most free neutrons to escape so 
that each fission produces only one more fission (1-to-1 ratio), the material 
is said to be “critical.” 
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5. If each fission produces fewer than one additional fission, the material is 
said to be “‘sub-critical.”’ 


6. If each fission produces more than one additional fission, the material is 
said to be “‘super-critical’’; i.e., a chain reaction has started. 


NOTE: It is essential that nuclear fuels be stored in sub-critical masses. 


7. Nuclear reactors are devices that control nuclear fission, as described 
above, and put the energy in a nucleus to work for us. 


AN ASIDE: How does a nuclear bomb work? Two subcritical masses of enriched atomic 
fuel (like U235) are stored apart from each other in the bomb casing. To detonate the 


bomb, the two masses are forced rapidly together, converting them to a super-critical 
mass, and the chain reaction is initiated. 


VI. The Nuclear Reactor 
A. A nuclear reactor has four main parts (see diagram below). 
1. Fuel 3. Control Rods 
2. Moderators 4. Shields and Coolers 


MODERATOR 
(Graphite) 


EUEL 
(Uranium in 
aluminum tubes) 
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B. Fuel 
1. Fuel for nuclear reactors is some form of uranium. 
Pe Mies (“enriched”’ uranium) 
b. - Pu??? (plutonium, which is made from uranium). 
2. The fuel is packed in long aluminum tubes, inserted through certain materials 
that help the fission process (see ““Moderators”’ below). 
C. Moderators 


1. Moderators are materials that help the fission process by slowing down the 
free neutrons released from fission. 


2. Only certain materials work; i.e., have the kind of atoms that will slow 
neutrons down enough to permit the fuel mass to become super-critical. 
a. Water 
b. Deuterium 
c. Carbon (in the form of graphite; the preceding diagram shows blocks 
of graphite used as moderators). 
D. Control Rods 


1. Control rods are made of material that tends to absorb free neutrons without 
fissioning. 
a. Cadmium 
b. Boron 


2. When control rods are inserted all the way into the fuel, the fuel mass 
remains sub-critical. 


3. When rods are withdrawn precise distances, the fuel mass can be brought to a 
state just above critical — the state that allows the use of fission for usable 
energy production. 


AN ASIDE: There is no danger that a reactor could detonate like an atomic bomb, but if the 
fission is uncontrolled, it could melt from the fantastic temperatures that would develop. 


Melting could result in the release of radioactive materials into the environment. Scientists are 
now at work trying to find improved materials and methods so that, even with a melt-down, 
radioactivity will be contained. 


E. Shields and Coolers 
1. Shielding is usually accomplished with thick walls of lead and concrete. 


a. These materials (if thick enough) stop all forms of radiation (including 
the free neutrons that escape through the moderator control rods and 
coolant). 


b. Shielding is necessary to protect workers in the reactor facility; 
radiation dissipates quickly in free space farther out. 


i) 


Cooling is accomplished with large quantities of water continually being 
circulated around and through the reactor. 
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a. Cooling is necessary because the reactor generates more heat than it can 
use, and without cooling the fuel cells would melt. 


VII. A Nuclear Power Plant (See diagram below) 
| A. Nuclear power plants are not much different from fossil-fuel power plants. 


1. Fossil-fuel plants produce steam from large furnaces burning coal or natural 
gas. 


2. Nuclear plants produce steam from nuclear reactors. 


The way a nuclear power plant works: 


‘ee ae thas 


ontainment wall 
es 


Pressurizer, 
Transformer 
Control 
Rods Pump Turbine Generator 
Reactor \ «| | 
Vessel 
pec \ 
Lge Teo 
—— ees 
es 
Nuclear | =e AERA EE | 
Fuel =< 
~) Pump 
Condenser 
Cooling Water -- f 
Return “= 
Cooling Water —> 


Intake 


1. Thecontrolled chain reaction produces heat in the reactor. 


2. This heat converts water to high-pressure steam in the steam generator. 
3. The high-pressure steam strikes the fan blades of the turbine, turning the turbine. 
4. The turbine turns the generator, which produces electricity (see unit on 


“Electrical Energy’’). 
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VII. Problems With Nuclear Energy 
A. Four major problems are associated with nuclear power plants: 


1. Accidental release of radiation. 
2. Effects on environment 

3. Waste disposal 

4. Security 


B. Radiation Release 
1. Shielding protects reactor employees from radiation. 


2. Research is now taking place on how to make reactors safe in case of a melt- 
down. 


Bi Trucks: trains, and planes that transport nuclear fuels and nuclear waste 
products also must be made safe from possible radiation leak in case of an 
accident. 


AN ASIDE: Radiation is measured in ‘“‘roentgens’’ (‘‘r’s”). Full exposure to 450 r’s of radiation 
will cause death for about half the people thus exposed. The atomic bomb dropped on Hiroshima, 
Japan, in 1945, released about 3,000 r’s of radiation in a radius of one-half mile from the point 


of detonation. Another one-half mile out, the radiation level dropped to only 100 r’s. Of the 
92,000 people killed, a large percentage died from immediate radiation, or later from fallout 
containing radiation. 


C. Effects on Environment 


1. Strict laws exist on how much radiation is allowed to escape into the 
atmosphere or the water coolant released from nuclear power plants. 


2. Reactors also heat the water and land surrounding them, so, in order not to 
tamper with nature, reactors, like other thermal plants, often have their own 
artificial lakes or cooling towers for the vast amounts of water they use. 


D. Waste Disposal 


1. Waste products from reactors are converted as much as possible to solid form, 
for ease of handling. 


2. Waste is a problem because some of it (e.g., radium, plutonium, strontium 90) 
will continue to emit radiation for thousands — even millions — of years. 


a. At present such materials are being stored in specially built shielded 
and well secured buildings until a safe disposal method is developed. 


b. Possible solutions to the problem are: 


(1) To dump them in the ocean at spots where the continental drift 
will eventually cause them to be sucked deep into the mantle of the earth. 


(2) To bury them in deep salt beds. 


NOTE: Southeastern New Mexico is currently being investigated 
for this purpose. 
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Jes 


B. 
Ee. 


B. 


(3) Use plutonium (which is a waste product of U2?° fission) as fuel 
for “Breeder Reactors” when and if such reactors are developed 
(See section on breeder reactors below.) 


Security 
1. A big worry of many people is that terrorist groups could steal radioactive 


nuclear material and threaten society — or accidentally blow us all up, 
although to do so would be difficult. 


2. Security measures are being constantly improved. 


History and Current Facts About Nuclear Energy 
A. 


U.S. produced first use of nuclear energy as a source of power in 1945 (the atomic 
bomb). 


U.S. has the most know-how about nuclear power. 


England, U.S.S.R., and France produced nuclear reactors for useful energy before 
U.S. did (in 1956, 1958, and 1959, respectively). 


1. U.S. seemed to be rich in fossil fuels and didn’t think it was necessary, or... 
2. U.S. citizens feared (or felt guilty about) nuclear energy, or... 

3. U.S. wanted to be sure they were safe before developing them. 

The first nuclear reactor that U.S. developed was completed in 1960. 


In 1975 there were 166 nuclear power reactors operating in the world. Most were 
located in the following countries: 


U.S. had 53 

United Kingdom had 28 
U.S.S.R. had 11 

France had 10 

West Germany had 9 
Japan had 9 

Canada had 6 


In 1975 the 53 U.S. nuclear power plants produced about 10% of the power used 
in the U.S. 


IT AAR WN > 


The Future of Nuclear Power (See Unit 2 on Fossil Fuels) 
A. 


The world (if fossil fuels continue to be used at the present rate) will be out of oil 
and natural gas in 100 years, and out of coal in 300 years. 


The situation in the U.S. for oil is even worse: 


By the year 2,000 (if there is no change in the use of oil) — less than 25 years from 
now! — we ll have to import 90% of the oil we use from somewhere else. 
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C. We have some options: 


The following graph shows how each of three options would reduce our reliance 
on imported oil from 90% to 50%, 20%, or zero by the year 2000. 


100 

90 

80 

70 

ee Conservation, improved 

efficiency, and intensive electrification 

EA No Change in Energy Sources 

40 

30 Limited Nuclear Power 

20 

a Breeder Pi a plus other new technologies 

0 

1975 1980 1985 1990 1995 2000 


1. With no change in energy sources, we’ll have to import 90% of our oil. 

2. With good conservation, improved efficiency, and intensive electrification, 
we'll have to import about 50% of our oil in the year 2000. 

3. If we add nuclear power in a limited way (if we rely on fission too much, 


we'll soon run out of uranium, too) we’ll have to import about 20% of our 
oil in the year 2000. 


4. If we develop “‘breeder reactors” and/or “‘fusion energy” (see below) we 
won’t have to import any oil or natural gas by the year 2000. 


D. The “breeder reactor” 


1. The breeder reactor exposes plain, ordinary U23® (remember, that’s 99.3% of 
the uranium that’s mined; not the tiny 0.7% of U23° that we now use in 
regular [called “‘light-water’’] reactors) to fast, unmoderated neutrons. That 
exposure makes the U238 decay to become plutonium (Pu2>?). Plutonium is 
a more efficient nuclear fuel than U235. 


2. Not only is Pu23? more efficient, but when the U2?® is exposed to the fast. 
unmoderated neutron, the fission that takes place produces, or “breeds,” 
more fuel (Pu???) than it consumes of the U238_ That’s why such a reactor 
is called a “‘breeder reactor.” 


3. But there are difficult problems with the breeder reactor: 


a. Water (which both moderates and cools the slow neutrons of the regular, 
light-water reactor) can’t work as a coolant for the fast, unmoderated 
neutrons in the breeder reactor. 
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4. 


b. 


Liquid metal (chiefly, liquid sodium) will work as a coolant, but it reacts 
violently with air and water, and tends to become highly radioactive. 


Research to solve this cooling problem is predicted to be successful so 
that our first breeder reactor can be working by 1985. 


Advantages of the breeder reactor 


a. 


It uses as fuel most of the uranium that is mined, thus making our 
uranium resources last nearly 100 times longer. 


Plutonium is one of the chief waste products of U2?> reactors: that 
waste could now be used as fuel for breeder reactors. 


If we can develop breeder reactors, the future of nuclear energy is excel- 
lent. With the use of only U23° Gust .7% of the uranium mined) the U.S. 
would be out of uranium in 30 years; with breeders, we’re okay. 


E. Energy from FUSION, not FISSION 


Le 


5 


Fusion is almost the opposite of fission. 


a. 


b. 


In fission, the nucleus of a heavy atom (such as uranium) is split to form 
two lighter atoms, plus energy. 


In fusion, the nuclei of two light atoms (such as hydrogen) are ‘“‘fused”’ 


together (combined) to form a heavier atom (such as helium), plus energy. 


Fusion produces about three times as much energy per pound of fuel as 
fission produces. 


AN ASIDE: Actually the energy released in a single fusion reaction is only about one-tenth 
as much as is released in a single uranium fission reaction, but there are about 200 times 


more atoms to fuse in a pound of hydrogen than in a pound of uranium. That’s why the 


energy output per pound of fuel is higher in fusion. 


The disadvantage of fusion 


a. 


C. 


We don’t yet know how to control fusion. The heat required to start a 
fusion reaction (over 100 million degrees C!) is hard to develop, and it 
is even harder to contain, because no known material can withstand 
such temperatures. This is another challenge for today’s youth. 


The advantages of fusion 


Fusion provides more energy per pound of fuel. 


Fusion fuels are more abundant than fission fuels. 
NOTE: There is enough deuterium (a form of hydrogen) in ordinary 
water to satisfv man’s power needs for millions of years. 


Fusion leaves almost no radioactive waste. 


If fusion reactors can be built, all man’s energy needs will be solved. Some 


scientists believe that the technical problems associated with fusion power 
will never be solved: others believe that fusion reactors will be operating by 
the year 2015. 
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SUGGESTED TEST QUESTIONS (Related to Objectives) 


if 


eee A ee LOI) (1) Splitting 

Be ENucleis (2) The part of matter that would be left that couldn’t be 
I divided any more if you cut the matter many times into 
este Nuclear : 

smaller and smaller pieces. 

pis. Protons (3) Combining 

e. Neutrons (4) Of or pertaining to the nucleus of an atom 
e) da Hiei (5) The center part of an atom 
riers (6) A substance which cannot be separated into any other 
___g. Element substances different than itself. 
—_h. Fission (7) The positively charged part of an atom’s nucleus. 

7 pee (8) The negatively charged particles that revolve around an 


atom’s nucleus. 

(9) The part of an atom’s nucleus that has no electrical charge 

Check the statements that accurately describe the nature of the atom. 

a An atom is very small. 

b. Only the most powerful microscopes can enable us to see an atom. 

C Atoms are about the size of the tiniest of grains of sand. 

d. Atoms are made up mostly of space. 

e. If an atom were like our solar system, the electrons in it would be like our sun. 

f. Noman has seen an atom, but atoms are known to exist because of logic and 
the observation of activity. 

Check the statements that accurately describe the nature of an atom’s nucleus. 

a. Anatom’s nucleus consists of protons and neutrons. 

_b. Protons and electrons are about equal in size. 


c. Electrons weigh hardly anything, so practically all an atom’s weight is in its 
nucleus. 


d. The number of protons and electrons in a stable atom is equal. 
e. Uranium always has 92 protons. 


f. The number “238” in U23® means that this uranium has 92 protons and 146 
electrons. 


g. The number “238” in U238 means that this uranium has 92 protons and 
electrons, and 146 neutrons. 


_h. Protons are positively charged. 
i. Neutrons are negatively charged. 
eed: Neutrons have no electrical charge. 


k. Electrons are negatively charged. 
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Indicate which of the following statements concerning atomic energy production are 
true and which are false. 


All energy is atomic energy, because when any energy source gives off energy, 
the structure of the atoms in the elements that make up that energy source is 
undergoing change. 


When wood burns, the electrons change but the nucleus doesn’t. 


The ashes of a burned block of wood weigh more than the wood weighed 
before it was burned. 


There is more potential energy in the electrons of an atom than in the nucleus 
because the nucleus is heavier. 
Einstein’s formula, E = mc”, can tell us how much energy any nucleus can 
produce, if we know its mass, even before we explode it. 

66.99 2 
The ‘“‘m” in E = mc~ stands for mass. 

ion 2 : : 

The “‘c~”’ in E = mc? stands for the speed of light times two. 


x ote Tie cae 
A strand of hair has 1000 of a gram of energy. 


Check the statements that correctly describe how energy in an atom’s nucleus is unleashed 
and/or used. 


Nuclear fission is the splitting of a neutron by a nucleus. 
Nuclear fission is the splitting of a nucleus by a neutron. 


The results of the fissioning of one atom are two new atomic elements, each 
heavier than the original atom, two free neutrons, and energy. 


The two new atomic elements that result from the fissioning of one atom are 
each lighter than the original atom, and even when weighed together are a 
little lighter than the original atom. 


A chain reaction develops when the free neutrons resulting from the first 
fission go on to fission two more nuclei, and the free neutrons resulting from 
those fissions go on to fission four more nuclei, and so on. 


Practically the entire amount of uranium mined can be used for nuclear fission, 
is 9) 
because it’s mostly U3>. 


Nuclear fission can be controlled by keeping the mass just slightly above 
Critical» 

They have to mine a lot of uranium to get just a little bit of uranium that is 
usable for nuclear fission, because only .7% of uranium mined is U?3>. 

It is essential that nuclear fuels be stored in “‘sub-critical’’ masses. 


Nuclear reactors are newspaper columnists opposed to the development of 
nuclear energy. 


a. Name the four main parts of a nuclear reactor. 
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b. Indicate which of the following statements about nuclear reactors are true, and 
which are false: ; 


—__ (1) Plutonium is made from uranium. 

____ (2) Reactor fuel is packed in long lead tubes. 

____ (3) Moderators help fission by slowing down free neutrons released from 
fission. 

____ (4) Any kind of material will work as a moderator. 

____ (5) Control rods are aluminum tubes filled with water or carbon. 


(6) When cadmium or boron control rods are inserted all the way into 
uranium-235, the fuel remains sub-critical. 


____ (7) Nuclear reactors cannot explode, but, with inadequate control, they 
could melt. 


(8) Shields are made of shiny steel and sand. 
(9) Radiation dissipates rapidly into the atmosphere. 


(10) Nuclear reactors are cooled with continually circulating water. 


7. Arrange the following statements into the correct sequence for the operation of a steam- 
driven nuclear power plant to produce electricity, by putting the appropriate numerals 
in the blanks. 


High-pressure steam strikes fan blades of turbine, turning tubine. 


a. 
b. Heat converts water to high-pressure steam in steam generator. 


c 


Turbine turns generator, which produces electricity. 


d. Nuclear fuel undergoes chain reaction and produces heat. 


8. Name the four major problems involved with nuclear reactors and/or the use of nuclear 
energy. 


9. Check the statements that are correct concerning the history and current status of 
nuclear energy production. 


a. The U.S. was the first to produce nuclear power, but the last among England, 
the U.S.S.R., France, and the U.S. to develop a nuclear reactor. 


b. The U.S. has given all its know-how about nuclear power to the U.S.S.R. 


c. One reason the U.S. was so slow to develop nuclear reactors may be that it 
felt guilty about dropping the atomic bomb. 


d. Slow as they were, the U.S. by 1975 had developed more nuclear reactors 
than any other nation in the world. 


e. Nuclear power plants in the U.S. produce nearly all the energy we need. 
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10. Check the statements that are correct concerning the future of nuclear energy produc- 
tion. 


-a. The world will be out of oil and natural gas (at present usage rates) in 100 
years. 


b. The world will be out of coal (at present usage rates) in 300 years. 


qQ 


In fewer than 25 years. the U.S. will have to import 90% of the oil it needs. 


d. Wecan cut the amount we need to import to 50% by exercising good 
conservation habits and becoming more efficient. 


— eT we add a limited amount of nuclear power, we can cut our import needs 
to 20% by the year 2000. 
ceoet “Breeder reactors” would eliminate any need to import oil. 
— 2. We don’t have breeder reactors now because we haven’t found a workable, 


safe way to cool them. 


-h. Breeder reactors would solve the current problem we have of where to store 
plutonium waste. 


: i. [f we can make breeder reactors work, we won’t soon run out of uranium. 
J. Nuclear fusion, if it could be controlled, would solve all the world’s energy 
problems. 
k. The problem with nuclear fusion is that no known material can withstand 


the temperatures necessary. 


11. Perform an activity listed at the end of this unit as assigned by the instructor, to the 
instructor's satisfaction. 
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TEST ANSWERS 

hea (2) i a(S) 
b. (4) ha ag AP: 
Cc (S) ie AMS 
d (7) i: (3) 
Comat 2) 

g eh tags § 


4. a ak e ak 
ez { is 
Cc F g F 
d F h F 


Se ie oe its | 


6. a. Fuel, Moderators, Control Rods, 
Shields and Coolers (Any order is okay) 


te hi ok (0) °F 
eaibnde id bel § 
(GL bask bey cad fe 
(47°F eb hood b 
bey hale & a LCs woes h 
ib Cle a asl el 
bse a2 
c. 4 
1s seal 


8. Accidental release of radiation 
effects on environment 
waste disposal 
security 
(Any order is okay) 


Feed Coetl 
10. a, b, C, d, e, fs g, h, eas 


11. Activity performed to instructor’s satisfaction. 
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SUGGESTED STUDENT ACTIVITIES 


1. Understanding the chain reaction: 


a. Tell the students the following story: A king needed a blacksmith for a month to 
shoe all his horses. He offered to pay a local blacksmith $1000 for the 30-day job. 
The blacksmith thought the job was worth at least $2000, but the king would not 
raise his offer. So the blacksmith suggested an alternate plan: “Instead of the flat 
$1,000, pay me one cent the first day and double the amount each day for 30 
days ($.02 the second day, $.04 the third day, $.08 the fourth day, etc.).”’ The 
king smiled to himself. Here was the ideal blacksmith: strong arms, but weak brain. 
He quickly agreed. 


(Ask the students at this point if they think the king was wise. Ask them 
to guess at how much money the blacksmith earned.) 


The fact is that after 30 days, the blacksmith owned the kingdom. He earned over 
ten million dollars! 


(Ask students to check this as a homework assignment. Tell them to 
multiply $.01 by the number 2 thirty times. This will give them 
practice not only at multiplication, but also handling decimal points.) 


b. Ask students how many times they think they can tear a sheet of writing paper 
8%” by 11’) in half if they put the halves together after each tear. About six is all 
they’ll be able to manage. Ask them how many pieces they would have after 6 
tears (64 is the correct answer). Have them try it and count the pieces (have 
receptacles handy for the scraps). Ask them to guess how big a stack they would 
have if they repeated the tearing 64 times. The answer: a stack of paper reaching 
from their desks to the moon. 


2. Appreciating the power in nuclear energy: 


Ask students to look up the story of the atomic bomb in an encyclopedia. Separate 
parts can be assigned to different students, such as: 


a. The “‘Manhattan’”’ Project 

b. The bombs dropped on Hiroshima and Nagasaki in 1945. 

c Atmospheric experiments in the Pacific atolls (Eniwetok, Bikini, etc.) 
d Underground testing in Nevada. 


Have them report in class on each subject. A debate could be conducted over whether 
the United States was right or wrong in dropping the bombs on Japan. 


3. Understanding the problems of safety in nuclear energy: 


Ask students to check with their parents, neighbors, or friends regarding the safety 
problems associated with nuclear reactors. Specifically, prepare a form which briefly 
describes the radiation and other hazards of nuclear reactors and their waste products, 
and ask for a commitment pro or con regarding further development of nuclear energy. 
Have students conduct a poll among their relatives, neighbors, and friends (outside of 
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Nuclear Energy 


class), using the form. Compare and summarize the poll papers in class. As a further 
step, use this as an example of how lack of knowledge about radiation causes a fear of 
new technologies. Point out relatively frequent non-energy uses of radiation (watch 
dials, medical diagnosis, cancer therapy, tool machining, etc. — numerous others are 
given in any encyclopedia under “‘radiation’’). 


26. 
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73". 


Down 


The word which describes the combining of 
two nuclei. 

Nitrogen (N15) has eight neutrons and 
____ protons in its nucleus. 

The center, or core, of an atom. 

What many people feel when they hear 
the word “‘nuclear.”’ 

The only country that has ever been the 
victim of an atomic bomb. 

Fluorine (F18) has nine protons and 
neutrons in its nucleus. 

Part of a store. 

In the equation E = mc2, the E stands for 


The path of an electron around the nucleus. 
A particle of matter consisting of a nucleus 
and orbiting electrons. 

An item in the kitchen that supports your 
plate of food. 

The first country to build a nuclear power 
reactor (abbreviation). 


ZEEERE AREER 


4. Have students complete the crossword puzzle given below. 
Across 

1. The word which describes the splitting 
of a nucleus. 

4. The material used to obtain energy, 
usually heat. 

6. An item in the kitchen that uses energy. 

ip When free neutrons each cause more 
than one other fission, a reaction 
has started. 

9: Every atom contains in its nucleus at least 
one ; 

11. Neon (Ne2°) contains ten protons and 
_____ neutrons in its nucleus. 

12. The number of protons in the nucleus 
of hydrogen (H!). 

14. Answer to this question: Can a nuclear 
reactor explode like an atomic bomb? 

16. If the nucleus of an atom were enlarged 
to the size of a basketball, the electron 
would be the size of a 

17. One method proposed for disposing of 
radioactive waste is to bury it in 
ee ees: 

20. Atomic mass unit (abbreviation). 

22. A device that detonates. 

23. A fuel that soon will be all used up if 
it isn’t conserved. 

24. Asmall unit of energy. 

25. If fission in a reactor gets out of control, 
the reactor will not detonate, but it 
may , 

26. In 20 years, decisions regarding 
nuclear power may depend on 

(person). 
ANSWER: 
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Part I — What is Energy? Other Sources of Energy 


Unit 5 
OTHER SOURCES OF ENERGY 


UNIT OBJECTIVE 


Upon completion of this unit, students will be able to demonstrate knowledge of the 
processes, potentials, and problems of such supplementary energy sources as solar energy, 
wind power, water power, and geothermal energy. 


PRECUMUC OBJECTIVES. 


Upon completion of this unit, students will be able to: 


i 


4 


Ss / 
~~ 


Match terms related to supplementary sources of energy with their definitions. 


Select from given statements those that describe why supplementary sources of energy 
are needed. 


Name the basic supplementary sources of energy. 

Identify given statements concerning solar energy. as being true or false. 

Select from given statements those that are true about wind as a source of energy. 
Choose from given statements those that are true of water power. 


Match given statements concerning geothermal power with the names of the form of 
geothermal power to which they relate. 


Perform one of the activities relating to supplementary sources of energy that are 
listed at the end of this unit. 


This unit refers to pp. 3—6 of the booklet, Energy Conservation. 
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Other Sources of Energy 


BASIC INFORMATION 
I. Words and Their Definitions that Students Ought to Know 

A. Solar — Of or pertaining to the sun. 

B. Tides — The rising and falling of ocean water levels along seashores due to the pull 
(gravitational pull) of the sun and moon. 

C. Ocean Currents — The consistent flow or movement of ocean water as a result of 
earth’s rotation, prevailing winds, and/or water temperature differences. 

D. Geothermal — Of or pertaining to heat generated beneath the earth’s surface. 

E. Turbine — A round or cylindrical device with vanes that will turn when matter 
(usually in liquid or gaseous form) strikes the vanes (waterwheels, and windmills 
are examples). 

F. Hydroelectric — An adjective meaning “‘of or having to do with the generation 


Il. 


of electricity from water power.” 


Why Other Sources of Energy are Needed 
A. 
B. 


Fossil fuels are running low in supply. 

Nuclear power production has its problems right now. 

1. Present reactors will deplete the world’s supply of nuclear fuel soon. 

2. The solution to the cooling of breeder reactors has not yet been found. 


3. Materials that can withstand the high temperatures required for fusion energy 
production do not yet exist. 


Until solutions to nuclear energy production are found, supplemental forms of 
energy are needed to “buy time.” 


What the Basic Other Sources of Energy Are 
A. 
B. 
ee 
D. 


The sun 

The wind 

Water 

The heat beneath the earth’s surface 


The Sun as a Source of Energy (Solar Energy) 


A. At least indirectly, the sun is the source of most of the energy used in the world 


B. 


today. 


1. For example, fossil fuels were formed from living matter which depended 
upon the sun for life. 


The sun’s energy can be captured directly. 


1. You can do it by focusing sunlight through a magnifying glass onto a piece 
of paper and setting it afire. 


2. Throughout history people have used the sun to dry food and clothing, and 
to obtain salt from the sea. 
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3. The Greek scientist, Archimedes, in 220 B.C. destroyed an invading navy 
by having soldiers use their brass shields to focus the sun’s rays on invading 
ships, setting them afire. 


4. French scientists used focused sunlight to melt iron (1615 A.D.) and to con- 
vert water to steam (1800). 


C. A lot of the sun’s power is wasted. 


1. The amount of solar energy which strikes the earth each day is equivalent 
to burning 550 billion tons of coal! (That’s about 1,000 times the amount of 
coal burned in the U.S. in one year!) 


2. The average amount of solar energy which strikes the average home and yard 
each day would save about a half barrel of oil! 


3. Solar energy isnot used much because it is hard to capture in amounts large 
enough to use. 


D. Some possible ways to use more of the sun’s energy directly. 


1. Build more solar furnaces — Some industries use solar furnaces now. They use 
a large, flat mirror to reflect sunlight onto a curved (“‘parabolic’’) mirror. The 
parabolic mirror focuses the sunlight into an intense beam that reaches 
temperatures of over 8,000° F. These high-temperature beams of light are 
used to test metals in the aircraft industry and to bake ceramic products 


2. Use more solar heating and cooling — This is the use of solar energy that 
offers most promise ior the near future. Here are some ways to use solar 
energy for heating or cooling: 


a. Using flat-plate collectors — Layers of flat, plate glass, specially coated 
and usually separated by air, are set up facing the sun. The heat from the 
sun collects between the layers, and, because of the coating, cannot 
easily escape. This hot air warms water, which, in turn, is pumped 
through a hot-water system. This system doesn’t reach temperatures 
high enough to heat a house, but it can heat water. 


b. Using focusing collectors — Special eutectic salt is circulated through the 
collector plate, which is constructed to focus sunlight. The salt is heated 
to temperatures as high as 3,000° C. A heat exchanger transfers this heat 
to water, creating steam, which can drive a turbine, producing electricity. 


A SOLAR POWER PLANT USING A FOCUSING COLLECTOR 
Sunlight 


Exchanger 


Generator 


“Focusing Collector 


Liquid Sodium 


Condenser 


Water 
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(EY The problem with solar energy 


1. Jt requires a large amount of area to collect enough energy to do the work 
that needs to be done. For example, the square below is exactly one square 
centimeter. With the sun shining on it, that square could potentially produce 
only about 0.024 of a watt of electricity. 


\| 
See 
= == ; tn ~ Gives tA 0.024 Watt 
z <a ie of electric power 
Bis ts 


AN ASIDE: Another way to see how much area is required is to realize that, to produce 


the energy needed to power the State of New Mexico, solar collector plates would have 
to cover an area of 5,000 square miles — an area the size of the State of Connecticut! 


to 


The sun doesn't shine all the time — This means that heat from a sunny day 
has to be stored for use on cloudy days. And heat can’t be stored very long. 
Ordinary conventional. heating systems still have to be used as back-ups to a 
solar heating system. 


AN ASIDE: Heat can be stored in materials like crushed stone by having fans blow 


air through hot stone to circulate heat during cloudy days, but it still doesn’t store 
heat long enough. 


F. The future of solar energy. 


1. Solar energy is desirable — It is clean; it has no waste pollution or radiation 
problems. , 


to 


Solar energy research is taking place on a large scale — New Mexico is one of 
the areas of the greatest amount of research, because it has more continuous 
sunshine than any other state. 


3. Some scientists believe that as much as 10% to 15% of our total energy needs 
could be met by solar energy. 


4. But others believe that, unless we can find more efficient ways to capture the 
sun’s energy, solar energy cannot meet more than 3% to 5% of our energy 
needs. 


Ve The Wind as a Source of Energy 
A. Wind is already an important source of energy. 


1. People in the lowlands of Holland and Belgium have long used windmills to 
pump sea water from their farms. 


2. Windmills are common on U.S. farms and ranches to pump water from under- 
ground for irrigation, or for grinding wheat and corn, and for other mechanical 
jobs. 


. Om 
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3. Sailboats that use wind as a sole source of power have been used a long time. 
B. The objective now is to use wind on a larger scale. 


1. A wind speed of 10 miles per hour can produce about 100 watts of electrical 
power per square meter. 


C. One problem with wind power is to find the wind. 


1. Some areas have more wind than others (See the map opposite which shows 
all the spots in U.S. with wind power of a certain number of watts per square 
meter — just follow the curved lines and read the numbers.) 


(NOTE: New Mexico ranges from winds that average from 100 watts per square 
square meter in power in the northwest, to almost 300 watts per square meter 
in power at the eastern border. Albuquerque winds average about 150 watts 
per square meter in power.) 


2. Winds at higher altitudes are stronger and steadier — For example, winds at 
5,000 feet would be five to ten times more powerful than the levels shown on 
the map. Of course, it would be difficult to build windmills that high. 


D. Another problem is to find out how to harness wind power efficiently. 


1. Wind power is inefficient. Top Starter Bucket 
It would take hundreds of | Bottom 
thousands of wind turbines —_> , doi cA 
(windmills, if you will) to AiTToH Section og 
produce a significant amount J 
of electrical energy. | yf 


2. New research on wind turbine Top Starter 
design (see illustration). The Bucket 
vertical axis wind turbine is 
being researched by a laboratory 
in Albuquerque, New Mexico. 

The top and bottom starter 

buckets serve the same func- 

tion as the low gears of an / 
automobile — they provide 

starting power. The airfoil / 
blades are designed like 

airplane propellers. Once 

the turbine has started, the 

airfoil blades keep it spinning 

at high speeds. Efficient 

designs like this and others Betton 
being worked on may in- Starter 
crease the efficiency of Bucket 
wind power to the point 
where wind can become 
a good supplementary 
source of energy. 


Vertical Axis Wind Turbine 
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VI. Water as a Source of Energy 
A. Water is already used as a source of energy. 


1. Waterwheels — A waterwheel is a large wheel with paddles mounted on a 
horizontal shaft so that a portion of the wheel is struck by falling or flow- 
ing water. The first known use of waterwheels was around 100 B.C. for 
grinding corn and wheat into meal. 


2. Hydroelectric power — Hydroelectric power plants are a natural outgrowth 
of the waterwheel. Falling water, instead of falling directly on a waterwheel, 
falls through shafts dug next to the waterfall. The water strikes large turbine 
blades at the bottom of the shaft. The rotating shaft of the turbine, instead 
of grinding corn, turns generators, which, in turn produce electricity. 


AN ASIDE: Waterfalls have some of their beauty destroyed when hydroelectric power 
plants cause the water to fall down the shafts instead of down the cliff naturally; not 
nearly so much water falls down the cliff. To preserve the beauty of Niagara Falls in 
New York, therefore, they operate the hydroelectric power plant only at night when 


people are not watching the falls. Even with this part-time operation, the plant located 
on the American side of Niagara Falls is the world’s second most productive hydro- 
electric power plant, capable of producing 24 million kilowatts of electric power per 
hour. The world’s largest hydroelectric power plant is located in Bratsk, Russia. It 
produces 3 million kilowatts per hour. 


B. The full potential of falling water as a source of power has not been tapped. 


1. Hydroelectric power can be developed wherever water is higher than 
the land around it — at waterfalls, at man-made dams, at mountain 
lakes, in fast-moving rivers. 


to 


The world potential of water power may be as high as three billion kilowatts. 


a. But only about 5 per cent of this has been developed (about 200 million 
kilowatts). 


b. U.S. produces about a fifth of the world’s developed hydroelectric power, 
but this represents only about a third of the potential in this country. 


QO 


There is strong public resistance against using natural waterfalls, 
building large man-made dams, and other construction that would 
utilize water power, because of the destruction of natural beauty that 
would result. 


C. Some new ideas about how to use water for energy. 


1. Maybe ocean tides can be used — There is a hydroelectric plant at La Rance, 
France, that uses the strong tides that surge back and forth across a narrow 
bay. Similar plants have been proposed in U.S. along the coast of Maine, 
where tides are strong. But, so far as we now know, if all the available 
tidal power sites in the world were utilized, it would add only one per cent 
to the total possible water power on earth. 


Rou 
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tl 


Maybe ocean currents can be used — Ocean currents include all movement 
of water, whether caused by the rotation of the earth, prevailing winds, or 
temperature differences in the water itself. Scientists are searching for ways 
to harness this potential energy. For example, they can place fixed turbines 
in the paths of these currents to generate small amounts of electric power. 
But many thousands of such generators would be needed to produce any 
significant amount of energy. 


3. Technology (how to do it) is too new for us to be able to estimate the future 
potential of these sources of power. 


The Heat of the Earth as a Source of Energy (Geothermal Power) 
A. 


It gets hot beneath-the surface of the earth — The pressure of the materials that 
make up earth being held tight by gravity creates heat. 


In certain areas, the below-earth heat is near the surface. 
In such areas, geothermal power is possible in one of four different forms: 


Hot steam 

Hot liquids 

Hot dry rock 

Liquid magma (lava) 


BRWlYo 


Hot steam — Hot steam is most useful for power production. All you do is tap the 
well, and enable the steam to drive turbine generators. Some notable generating 
plants using hot steam have existed for decades and produce a lot of power: for 
example, the Geysers near San Francisco produce up to 850 megawatts a year 
(enough to supply energy needs of several fairly large cities), and the plant at 
Larderello, Italy, that generates 370 megawatts of electrical energy a year. The 
trouble is that hot steam springs are the rarest form of geothermal resource. 


Hot liquid — Hot liquid springs (usually the liquid is brine water) are more 
common. When you bring the hot liquid to the surface, part of it is steam, and 
that steam is used to drive turbine generators, and the liquid is returned to the 
well to heat up some more. The trouble with hot liquid as a geothermal energy 
source is that brine is very corrosive and the pipes you need corrode and wear 
out rapidly. 


Hot dry rock — Hot dry rock reserves have no natural water system, so, to get 
geothermal energy from them, we have to fracture (break) the rock and pump 
water into the crevices (cracks). The rocks are so hot that they turn the water 
to steam. Then the steam is tapped and used to drive turbines. Development 
costs are high, but once developed, hot dry rock geothermal power plants are 
just as efficient as hot-steam or hot-brine plants. 


Liquid magma (lava) — Magma exists in the areas where there is or has been high 
volcanic activity. No one has yet tried to tap the geothermal power of magma, 
but laboratories in New Mexico are working at it. 
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H. The potential of geothermal power — No one knows what the potential of geo- 
thermal power is. Perhaps the most reasonable guess is that geothermal resources 
will supply some amount between 1% and 10% of the power in U.S. by the year 
2000. 


AN ASIDE: One promising geothermal source in the Jemez Mountains of New Mexico is 
currently being investigated for development. It has both hot steam and hot liquid springs. 


The estimated stored energy in this area (called Va//es Caldera) could yield 600 megawatts 
of electricity for 100 years — nearly half of the total electrical power now used in the 


whole state of New Mexico — but the steam is heavily laden with minerals. 
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SUGGESTED TEST QUESTIONS (Related to Objectives) 


iP 


N 


Match: 


Solar (1) A round or cylindrical device with vanes that turns 
ee on a rotating shaft when matter (usually in liquid 
or gaseous form) strikes the vanes. Waterwheels and 
windmills are examples. 

Geothermal (2) Of or pertaining to the production of electricity 

Turbine from water power. 

(3) Of or pertaining to the sun. 

(4) The rising and falling of ocean water levels along 
seashores due to the pull of the sun and moon. 

(5) The consistent flow or movement of ocean water as 
a result of the earth’s rotation, prevailing winds, 
and/or water temperature differences. 

(6) Of or pertaining to heat generated beneath the 
earth’s surface. 


Ocean currents 


Hydroelectric 


Check statements that describe why supplementary sources of energy are needed. 


a. 
b. 


eet, 


People don’t like the smell of gasoline. 

Fossil fuels are running low in supply. 

The government has found that all nuclear power plants will cause cancer. 
Present nuclear reactors will deplete the world’s supply of nuclear fuel soon. 
Nobody will ever know how to build a breeder reactor. 

Humans can’t possibly make nuclear fusion work. 


Until solutions to nuclear energy production are found. supplemental forms 
of energy are needed to “‘buy time.” 


Name the basic supplementary sources of energy. 


Indicate which of the following statements are true of solar energy, and which are false. 


The sun is the source of all energy used in the world today, except coal. 
People have been using the sun as a direct source of energy for a long time. 
Very little of the sun’s potential energy is wasted. 


A solar furnace uses a parabolic mirror to focus sunlight into an intense beam 
that develops temperatures of over 8,000° F. 


Flat plate collectors won’t work with water, but they will work with liquid 
sodium. 


One of the dangers of developing solar energy is that everyone who uses it is 
likely to become sunburned. 
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6. 


~ 
“ 


The two biggest problems with solar energy are that it requires too much land 
area and that the sun doesn’t shine all the time. 


Us 


-h. The most pessimistic scientists believe that solar energy will supply 90 per 
cent of our power within five years. 
Check the statements that are true about wind power. 
a. No one ever thought of using such an obvious power source as wind until 1969. 


b. The operation of a sailboat is an example of the use of wind as a source of 
energy. 


c. A windmill is nothing but a kind of turbine. 
_d. There is little or no wind at altitudes higher than 5,000 feet. 
e. The amount of wind that is available for power is different in different places. 


f. One big windmill orbiting in space could furnish all the power we will ever 
need. 


___g. With what we know now about how to harness wind, wind power is inefficient. 


Check the statements that are true abqut water power. 

a. A waterwheel is nothing but a kind of turbine. 

_b. Hydroelectric power can be developed wherever it rains. 

c. There is nothing more humans can do to develop more hydroelectric power. 


_d. People resist the building of hydroelectric plants because they destroy the 
beauty of nature. 


e. Ocean tides are moving water, so it is possible that they could be a source of 
power. 


f. Ocean currents are made up of moving water, so it is possible that they could 
be a source Of power. 


Match: 

____a. Hot steam (1) Makes pipes corrode and wear out rapidly. 
___b. Hot liquid ~ (2) Development costs are very high. 

___c¢. Hot dry rock (3) Nobody has ever used it as an energy source. 
___d. ~~ Liquid magma (4) The rarest form of geothermal resource. 


Perform an activity assigned by the instructor from the list at the end of this unit, to 
the satisfaction of the instructor. 
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TEST ANSWERS 
eae (3) 
b. (4) 
re (5) 
d. (6) 
SGD 
f. (2) 
we ibid. 


3. (Any order okay) The sun. the wind, water. earth’s heat (geothermal) 
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8. Activity performed to the satisfaction of the instructor. 
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SUGGESTED STUDENT ACTIVITIES (Related to Objectives) 


1. Solar Energy 


a. 


State and federal laws have been passed recently which provide subsidies to people 
who have solar heating and cooling systems installed in new homes being constructed. 
Check with local housing authorities to find out if any such homes have been built 

in your area. If so, arrange a tour of the house for your students. 


Check students’ memory of geography having them identify areas in the United 
States and the world where solar energy is most feasible. Dry climates with few 
clouds are ideal. 


Demonstrate solar energy by using a large magnifying lens on dry leaves, paper, or 
wood. With the lens and a little patience, students should be able to burn their 
initials in a piece of wood in this manner. 


De Wind Power 


a. 


Arrange a tour for the students to a local ranch or farm where a windmill is used 
for stock watering or generation of electricity. Point out the shape and angle of the 
turbine blades and the system of reduction gears, if these are visible. 


Have students keep a record of local wind speeds over a period of time (such as 
two weeks). Wind speeds are given each evening on radio and television newscasts. 
Ask them to evaluate local winds for power generation. (An average of 8-10 mph 
is required.) 


a Water Power 


a. 


Write to the New York State Power Authority, Niagara Falls, N.Y. (you might 
have a student do this) for information on the hydroelectric plants at the Falls. 
The pamphlets they supply can be passed out to the students and brief reports 
prepared on their contents. 2 


Have students look up “waterfalls” in an encyclopedia, and make a list of the 
highest waterfalls in the U.S. and in the world. Have them compare these with 
Niagara Falls (193 feet high). Some in South America and Africa are over 1,000 
feet high. 


4. Geothermal Power 


a. 


If possible, arrange a tour for the students to the hot springs at Jemez Springs or 
Truth or Consequences to see what they look like and how they are used. 


Demonstrate the power in steam by wedging a cork in the spout of a tea kettle 
and heating water in the kettle. The cork will blow out after a few minutes of 
heating. 
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UNIT 6 
SAVING OUR SUPPLIES 


UNIT OBJECTIVE 


After completion of this unit, students should be able to demonstrate knowledge of the sup- 
ply and usage of the energy supplies in their world, nation, and state, and the importance of 
recycling and the resultant savings of energy. 


SEECIFMIC OBJECTIVES 


Upon completion of this unit, the students should be able to: 


ie 


i) 


Complete a phrase stating how much more energy is being used per person per day in the 
United States now as compared with 1900. 


a. Select the reason that oil and natural gas have largely replaced coal. 
b. Select the area of the world with the most oil reserve. 


c. State the reason why natural gas is commonly used in the USA. 
List in correct order the fossil reserves existing in New Mexico. 


Complete a phrase giving the name of the energy source having the greatest potential in 
New Mexico. 


Name three newer sources of energy being investigated in New Mexico. 


Choose whether the manufacture of new materials or the recycling of existing materials 
uses the most energy. 


Perform, to the satisfaction of the teacher, activities related to saving our supplies. 


This unit refers to p. 8 of the booklet, Energy Conservation. 
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Part IH] — What is Conservation? Saving Our Supplies 


BASIC INFORMATION 


Il. 


Using Our Energy Supplies 


Our standard of living has been rising steadily since our nation began. This rise requires 
more and more energy. Unfortunately, our appetite for energy has reached the breaking 
point. We must make some restrictions and begin to conserve our energy supplies. 


@ Every person in the USA now uses more 


than three times the energy each American ' . 
used in 1900. But ,Im stil lhangry! 


e@ There are three times more people in the 
USA today than in 1900. 


@ We (and the rest of the world) must 
conserve energy and must develop 
substitute sources. 


@ Each of us is important in conserving 
energy. 


Fossil Energy Supplies in the World 


Within the next few years we will use up our fossil energy supplies — the main sources of 
energy in the world. 


The undeveloped nations are using more and more energy as they become industrialized 
and begin to raise their standards of living. This will place additional strains upon the 
already strained energy supplies. The developed nations are already using more energy 
than they produce. 


AS Coal 
Coal has largely been replaced by oil and natural gas as a source of energy because: 
1. Transportation is expensive. 
2. Coal pollutes the air. 


But coal supplies are relatively abundant. 
So we are attempting to eliminate the 
offensive products of coal burning and 
to find more efficient ways to transport 16% 
it. The Middle East controls most of Others 
the oil in the world, but the United 
States has quite large reserves of coal. 

We have 16 percent of the three trillion 
tons of coal estimated to be in the world. 


Middle East 


World’s Coal Reserves 


Lisg is 


Part Il — What is Conservation? Saving Our Supplies 


B. Oil 


The United States uses more oil than 
it produces. We import more and more 
oil from other nations, especially 
from the Middle East. We in the 
United States have only 8 percent 
of the oil reserves in the world. 
Most of the world’s oil reserves are 
found in the Middle East. 


C. Natural Gas 


The low cost of natural gas caused 
large increases in its use. But the 
number of new gas wells in the USA 
has decreased. The combination 

of ever higher demands and the 
inability to provide supplies has 
made the shortages of today 
unavoidable. The United States 

has about 20 percent of the ji 
world’s natural gas reserves. 


1% Europe 


World’s Oil Reserves 


16% 


World’s Natural Europe 


Gas Reserves 


Fossil Reserves in New Mexico 
5% Oil 
New Mexico mines or wells more oil, 
natural gas, and coal from the state’s 
reserves than the people living in the 
state use. That is, New Mexico exports 
these products to other states and 
other nations. Surprisingly, we have 
more coal reserves than any other 
DO Fossil Fuels in New Mexico 


Uranium in New Mexico (See Unit 4) 


In addition to the fossil fuel reserves in our states, we have large quantities of uranium. 
Uranium can be used to generate electricity. Assuming that the older type of light- 
water reactor is used, the energy available in New Mexico is: uranium — 30%, coal — 
58%, and other sources — 12%. 


But, if uranium is used in the newer types of reactors, the energy available is: uranium — 
92%, coal — 7%, and all the other sources — 1%. 


Other Energy Sources 
Additional energy sources that are being investigated and developed in New Mexico 
include: 


1. Geothermal (hot water or steam from deep in the earth). 
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2. Wind (new ways of harnessing wind). 
3. Solar (control of the energy from the sun). 


All three types may have important results. But, it is unlikely that any of them will 
make a major impact on the national energy scene until around the turn of the century. 
All three types of energy sources are being considered for generating of electricity. 

Solar and geothermal energy are also being considered as heat sources for both industries 
and homes. 


Recycling Saves. 


The average American family throws away about 800 metal cans each year. Some 
cigarette lighters, razors, and other products are being manufactured to be used, then 
thrown into the trash. Old automobiles, refrigerators, metal toys, and similar items 
clutter the open spaces and the attics of our nation. Recycling such materials would 
do much to ease the material shortages and the energy shortages. 


® Recycling materials takes less energy than making new materials. 


This chart illustrates the difference in energy requirements for producing new versus 
recycling old materials. 


Material Energy Units Required 
New Recycled 
Steel 100 “ie 
Aluminum . 100 5 
Copper 100 Z 
Paper 100 65 
Bottles 100 25 


Very little is being done throughout the nation to recycle materials. For example, 
millions of tons of discarded automobiles in town dumps and wayside gullies are rusting 
away each year. Some progress has been made in the recycling of paper, aluminum cans, 
and glass. 
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SUGGESTED TEST QUESTIONS (Relating to Objectives) 


iy 


i) 


Every person in the United States now uses more than _ times the energy used in 
1900. 


Natural gas and oil have largely replaced coal as a source of energy because: 
_a. Oil and natural gas are more plentiful than coal. 

____b. Coal is difficult to transport and causes pollution problems. 
____c. Coal cannot be used as a heat source in the generation of electricity. 
____d.  Ojil and natural gas burn slower and cooler than coal. 


The area of the world with the largest oil reserves is: 


a. United States 
bee USSR 
c. Europe 


d. Middle East 


Natural gas is in common use in the United States because: 


Natural gas is low in cost in comparison with other fuels. 


Dra. 
b. Natural gas supplies have more than kept pace with energy demands. 


c. The United States has more natural gas reserves than any other nation. 


d. Natural gas is not explosive and safer to use than all other fuels. 


Place a ‘‘1”’ in the space provided for the most plentiful energy supply in New Mexico, 
a “2” for the next most plentiful, etc. 

a. Natural gas 

b. Oil 


C.) -Coal 
The energy source in New Mexico having the greatest future potential is 


Three energy sources not now in common usage that are being investigated are: 


The recycling of old materials uses (more) (Less) energy than the manufacture of new 
materials. 
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ANSWERS TO TEST 


| 3 

2 b 

Son ad 

4. a 

5. (a) coal 
(b) natural gas 
(c) oil 


6. Uranium 
7. geothermal, solar, wind (any order) 


8. less 
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SUGGESTED STUDENT ACTIVITIES 


tO 


6. 


Make a list of things you can do for yourself that are now being done by energy-using 
machines. Compare your list with others in your class. 


Keep a daily record for one week listing each time you use a source of energy. Compare 
your record with your classmates’ records. Make another record for a second week and 
note the differences and the savings in energy. 


Conduct a survey of your school listing the ways that energy is being conserved and ways 
in which energy is being wasted. Formulate recommendations for conservation of energy 
at your school. Discuss these in class with your principal. 


Look at the advertisements in magazines at least five years old regarding energy. Compare 
these advertisements with those appearing in today’s magazines. 


Examine the advertisements pertaining to energy in the local newspapers. Study these 
ads to determine whether they are advocating the conservation or the use of energy. 


Go to the library and determine the location of the oil, natural gas, coal, and uranium 
deposits in the State of New Mexico. Draw a map showing these locations including 
the nearest communities. 


Prepare a five-minute talk on the development in New Mexico of either geothermal 
energy, wind energy, or solar energy. 


Make a field trip to a building using solar energy to see how the heat from the sun is 
being collected and used. Find out how much energy is being saved in comparison to 
the conventional sources of supply. 


There are several groups, businesses, etc. in New Mexico that are recycling products for 
re-use. Find out what materials are being recycled (e.g., paper, glass, automotive motor 
oil, metals, etc.). who is doing the recycling, and if possible, visit a recycling processing 
plant. 


Use an encyclopedia and find out how nuclear reactors work. Newer reactors are more 
efficient and get more heat from the uranium in the reactors. Why and how is this done? 
Report to the class and discuss the possible future of nuclear reactors in the production 
of energy. 


Discuss the statement, “It takes energy to get energy.” Look up how much energy is 
required to obtain energy sources. 
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UNIT 7 
PROTECTING OUR ENVIRONMENT 


UNIT OBJECTIVE 


Upon completion of this unit, students should be able to demonstrate knowledge of how 
energy production affects all major aspects of our environment. 


PrECIFIC OBJECTIVES 


Upon completion of this unit, students should be able to: 
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6. 


Select the proper definition of the term ‘tecology.”’ 

State three effects of pollution. 

Identify the primary cause of air pollution. 

A. Name one metal that causes serious problems when dumped into lakes and oceans. 
B. Select the results of serious oil spillages. 

C. State one harmful and one beneficial result from thermal pollution of waterways. 
Name two possible harmful effects to the soil as a result of obtaining energy sources. 


Identify true or false statements regarding the relative dangers of coal-fired and nuclear 
reactor power plants. 


Select the possible results of noise pollution. 
Name the agency of the federal government responsible for protection of the environment. 


Successfully complete one or more activities relating environment protection to the 
situation in the State of New Mexico. 


This unit refers to pp. 8—9 of Lnergy Conservation 
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Part Il — What is Conservation? Protecting Our Environment 


BASIC INFORMATION 


Ecology 


People today are becoming more and more aware that their way of life is increasingly 
affected by their environment. This is true not only in New Mexico and the United 
States, but throughout the world. There is a close connection between all that happens 
in the entire world. 


With modern technological advances, the nations of the world have become not only 
more politically and culturally dependent upon each other, but also share each other’s 
fates through what they do with their environments. The science that studies these 
relationships is ecology, the study of living things in relationship to their environment. 


Energy and Environment 


The way that we get most of our energy resources — oil, natural gas, coal, and other 
energy sources — does three things: it causes pollution to the environment, it consumes 
great amounts of energy, and using the energy obtained — driving our automobiles, 
generating our electricity, etc. — pollutes the environment. 


We pour millions of tons of man-made pollutants into the water we drink and into the 
air we breathe. In fact, the more energy we use, the more we pollute our environment. 


One recent government report states that the “contamination which accompanies 
industrial society is a continuing insult to man and his environment.” 


Pollution shortens life 
destrovs vegetation 


damages property 


threatens changes to our weather 


Air Pollution 


Some of the effects of air pollution generated by industry, power plants, home heating, 
and the automobile are obvious to everyone. The damage to-.buildings and the dirt, 

odor, smog, and smoke are obvious to everyone. However, the more serious effects may 
be less obvious. You cannot see the gradual damage to your lungs as easily as you can see 
a cloud of smog over the city or ring around the collar of your shirt. But all the evidence 
says pollution causes respiratory problems or makes them worse. 


@ City dwellers have many more respiratory deaths and sicknesses than do rural dwellers. 


@ Only recently have the local, state, and federal governments attempted to do anything 
about air pollution. 
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In 1970 more than one ton of pollutant per American was poured into the air. The main 
cause of air pollution is the gasoline burning automobile (See Fig. below). Over 60 per- 
cent of the air pollution is caused by the automobile. Emission control devices reduce 
the air pollution from cars, but tons of pollutants still enter the air each day. 


Automobiles 60% 


Industry 17% 


Power Plants 14% 


6% 


Space Heating 
Garbage Disposal 3% 
TOTAL U.S. AIR POLLUTION 


WY) iH AA \ (\ 
f : OH Ye LAIN } [N\A Ip 
lets all drive over Ve A NONI oy 
and see whether we C/ pla A 


can Stop that pollution Se 


Most of the air pollution is in the form of carbon monoxide. The following chart shows 
the types of air pollutants and their relative amounts: 


Carbon Monoxide =] 54% 
Sulfur Oxides 


Hydrocarbons 


16% 
3 14% 


8% 

8% 

Coal is one of our most abundant energy reserves, but it produces more air pollution than 
oil or natural gas. One of the problems energy users face is to reduce the amount of air 


pollution caused by the burning of coal and especially to reduce the sulfur oxides that 
burning coal produces. 


Nitrogen Oxides 


Particulates 
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Water Pollution 


For centuries we have used the oceans and streams as septic tanks. This caused few 
problems because, |) there was relatively little waste, and 2) the animals and plants of 
the oceans and streams could use the natural wastes being placed in the water. 


Today, however, large amounts of industrial wastes (in addition to the natural wastes) 
have spread pollution rapidly. Measurements in the New York City Harbor — one of 
the world’s most polluted water areas, where unrestricted dumping has gone on for 
many years — show the oxygen content of the water has dropped 50% and that the 
amount of poisonous metals in the water has increased to dangerous levels. 


Whoopee ! Being downstream from 
a brewery sure heats being 
downstream from a paper mill... 


° 


Fe 


A. Metals 


Mercury was dumped into waterways almost without restriction for many years 
because it was considered a harmless metallic element. Now we know, however, 
that the mercury was being transformed into forms that would move along the 
natural food chain from water to fish and birds and then to humans in increasing 
and dangerous concentrations. 


B. Oil 


We are all familiar with the results of oil spills that can ruin the beaches, kill 
the wildlife, and damage the waters. Oil spills happen because of ship accidents, 
broken lines and pipes, and other causes. We have tried to reduce the possibility 
of having oil spillages and to find ways to clean and remove the oil when a 
spillage occurs. 


Both industry and government continue to investigate ways to protect our seas 
and shores from the bad effects of oil spillages. 


C. Heat 
When heated water is disposed of in lakes, streams, or oceans, fish and other 
marine life can be damaged or destroyed and the ecology can be upset. All 


electrical generating plants produce heat which can cause thermal pollution. 
Steam generators produce steam that drives the electrical generator turbines. 
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This steam must then be changed back into water in the condenser. Water used to 
cool the condenser is heated from 10 to 30 degrees (F). This water, if immediately 
replaced into the lake, stream, or ocean, can cause damage. Many power plants 
have cooling towers to cool the discharge water before it leaves the power plant. 
Nuclear-power plants have the same problem as conventional power plants. New 
ones are designed to reduce thermal pollution. 


Heated water is not always a disadvantage. Experiments have shown that it can be 
used for useful purposes. Heated water from power plants, when used to irrigate 
orchards, protects, the trees from early spring frosts. Other successful experiments 
include the use of heated water to heat the soil in northern states. This lengthens 
the growing season, and thus increases the production of crops such as corn, beans, 
and tomatoes. Using heated water in fish farms can make it easier to raise warm 
water fish such as catfish for commercial purposes. 


Soil Pollution 


Strip mining of coal and other minerals close to the surface of the earth can leave large 
ugly scars on the earth. Some laws have been passed to require strip miners to restore 
the land after the coal has been removed. Strip mining is used to obtain the coal for the 
Four Corners generating plant in New Mexico. 


Another kind of soil pollution is caused by trash disposal. Packages which hold the 
products that we buy in stores add to trash and pollution problems. Many times the 
package will cost more than the product. Salt in smaller shaker-type containers, for 
example, can cost 17 times as much as a large container of salt. Plastic is being used 
more and more for packaging and for containing waste products. Plastic does not 
disintegrate (break apart) after being buried. It will likely cause future problems of 
earth pollution. 


In 1975 the average family threw away 15 pounds of trash every day. About half of 
this trash was disposed of by open burning, and the other half was either buried as 
land-fill or dumped at sea. Some efforts have been made toward either recycling the 
waste products or using the burnable waste as a heat source. 


Many people opposed the building of the Alaskan pipeline. They feared that the warm 
oil in the pipe would cause the soil to thaw and upset the ecology of the region. They 
also feared that major oil spills would occur and that the caribou would have trouble 
migrating across the pipeline from one feeding area to another. We don’t know whether 
these fears are founded or not. The acute energy shortages probably pushed Congress 
into okaying the pipeline. The pipeline is designed to carry two million barrels of oil 
per day. 


Some fertilizers and pesticides can cause considerable damage to wildlife and to humans. 
The chemical industries have been pressured to produce effective but safe fertilizers 
and pesticides. Laws prohibit using those that have been proved harmful. 
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VI. 


VII. 


VIIl. 


Radiation Pollution 


Nuclear reactors are now being used to produce electrical energy. Could radiation from 
the reactors let loose upon the public? Yes, but in reality, nuclear power plants have 
little effect upon the environment (other than thermal pollution). The number of deaths 
predicted for nuclear reactor power plant accidents are much fewer than the number 
predicted for coal-fired power plant accidents. In fact, coal-fired power plants are 
several hundred times more dangerous than nuclear reactor power plants. 


If radiation did escape from a reactor, then what? If the dose received is large enough, 
it can cause genetic changes (changes to future generations) and cancers. The radiation 
causes corrosive chemicals, such as ozone and hydrogen peroxide, to form in the body 
cells. But the air pollution from coal-fired plants does the same thing and probably also 
causes genetic changes. 


We are able to expose animals to doses of radiation that are millions of 
times larger than any from nuclear power plants. That’s how we learn 
what happens when radiation is received. But we cannot do this with 
air pollutants because doses just one hundred times above those now 
given off by coal-fired power plants would cause instant death. 


Most concern about radiation and nuclear power comes from non-scientists, but some 
well informed scientists are concerned too. Their fears are: 


@ Perhaps radioactive material can get loose into the environment. 


® Plutonium and uranium may get into the hands of terrorists who could build bombs 
with them. 


® Radioactive waste disposal can cause environmental problems. 


@ Nuclear power is very complex and could be dangerous. Some scientists wonder if 
mankind, with its history of wars, revolutions and violence, can solve these problems. 


Noise Pollution 


It is noisier now than it used to be. Today almost all large shopping centers have public 
address systems that constantly play music or make announcements. Our bands use 
electronic amplifiers. Jet airplanes and other large vehicles raise the noise level. 


At times the noise is so great that it causes damage to property, causes problems with 
hearing in people exposed to the loud sounds, and increases nervousness in many persons. 


Consequences of Pollution 


All pollution, of course, is not caused by using energy or by obtaining energy sources. 
But practically all pollution does require energy for its removal or for its control. If we 
did not care at all about the pollution of the air, the water, or the soil, we would not 
have many energy problems. Coal (which is still in abundance in the world) could be 
burned. The opposition to nuclear reactor power plants would probably disappear. 
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Pollution upsets the entire ecological process, causes sicknesses and deaths, and does 
much to destroy the beauty that exists in nature. Some people want to use the energy 
crisis as an excuse to relax the fight against pollution. But the federal government 
realized the importance of controlling pollution and has created the Environmental 
Protection Agency. This agency is responsible for establishing and enforcing protection 
standards for the environment. Many other organizations were created especially to 
protect and to preserve our clean air, water, soil, and the life that exists on earth. 


Often expensive equipment and methods are required to minimize pollution. One way 
that we can all help, as stated in the booklet Energy Conservation, is to use only the 
energy that we really need. 


Site 


Part Il — What is Conversation? Protecting Our Environment 


SUGGESTED TEST QUESTIONS (Related to Objectives) 


E 


i) 


The term “‘ecology” means: 

a. The study of the production and distribution of goods and services 
b. the study of economics 

c. the study of energy and its uses 


d. The study of living things in relation to their environment 


Three harmful effects of pollution are: 


a. 


b. 


C. 


The primary cause of air pollution is: 
industry 

b. the automobile 

c. power plants 
garbage disposal 


A. A metal that is sometimes dumped into the water, contaminates fish, and then 
causes sickness in humans is 


B. Oil spillages in the ocean can cause: 
(1) damage to the beaches 
(2) injury or death to wildlife 
(3) damage to the water and the water life 
(4) all of the above 


C. One harmful effect of thermal pollution of water is 
and one beneficial effect of thermal pollution is 


Two possible harmful effects to the soil when mining coal or when obtaining oil are: 
and 


True or False? Nuclear reactor power plants are much more dangerous than coal-fired 
power plants. 


Noise pollution can cause: 
a. damage to a person’s hearing c. increased nervousness in some people 


b. damage to property d. all of the above 


The agency of the federal government responsible for protection of the environment is 
the 
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ANSWERS TO TEST 
Ba a8, 


2. (a) shortens life 
(b) destroys vegetation 
(c) damages property 
or (d) threatens changes to weather 


3; *b) 
4. A. mercury 
B. (4) 
C. damage and destruction of marine life or ecology can be upset 


irrigation of orchards to protect from early frost or to increase growing season 
5. Scars on the earth’s surface, oil spills, melting frozen soil (any two) 
6. False 
toma 


8. Environmental Protection Agency (EPA) 
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SUGGESTED STUDENT ACTIVITIES 


1. To illustrate ecology, make a closed environment system (either a balanced aquarium 
or terrarium) that will maintain itself without adding energy except for sunlight. 
Explain how this system functions. 


2. Use your camera and photograph examples of pollution in your community. Write 
captions and short paragr aphs under the photographs after you have placed them on pages 
in a notebook. Stress photographs of pollution that are caused in some way way by 
energy use or the obtaining of energy. 


3. Prepare a report on carbon monoxide, sulfur oxide, and hydrocarbon — the three major 
amounts of pollutant in the air. Explain in this report how these can be detected and how 
they can be minimized. 


4. Contact a member of an organization that is promoting less pollution. Find out the 
purposes of the particular organization and list the things they are doing to minimize 
pollution. 


5. |New Mexico has large amounts of uranium that is being mined for use in nuclear 
activities. Look up uranium and radiation in the encyclopedias in your school library. 
Explain to the class what radiation is present in uranium, the properties of uranium, 
and how uranium is handled to prevent damage to the persons working with it. 


6. Look in the newspaper for one week and collect articles regarding energy and pollution. 
Compare your articles with those collected by other members of your class. Discuss 
these in class. 


7. Find out how noise is measured and how much noise must be present to cause harm 
to the human ear. Report on the various noise makers present in your community and 
how much noise they produce. 


8. Find out what is being done in the State of New Mexico to control and reduce pollution. 


For example, are there any controls regarding the strip mining or the air pollution in 
the Four Corners area of the state? 
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Unit II — What is Conservation? Economics of Conservation 


UNIT 8 
ECONOMICS OF CONSERVATION 


UNIT OBJECTIVE 


Upon completion of this unit, students will be able to demonstrate knowledge of basic 
economic factors involved in the conservation of energy. 


SPECIFIC OBJECTIVES 


Upon completion of this unit, students should be able to: 
1. Select the reasons that energy costs have risen. 
2. Recognize the relationship between supply and demand with the cost of energy. 


3. Name two examples of the conflict between environmental protection and the develop- 
ment of energy resources. 


4. Name two problems associated with the conversion of plants to coal. 

5. Select the major reason industry desires to convert coal into gas. 

6. Recognize the reasons that fewer natural gas wells are being drilled. 
Name two reasons why oil refineries have not been built in recent years. 
Name a way that we can reduce our dependency upon foreign imports. 
Select the reasons we are not using lots of solar energy today. 


10. Perform student activities relating to the economics of conservation in New Mexico to 
the satisfaction of the teacher. 


This unit refers to pp. 9—10 of the booklet, Energy Conservation. 
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Unit II — What is Conservation? Economics of Conservation 


BASIC INFORMATION 


If. 


Importance 


The use of energy in the United States is rising about four percent each year. This rate 
is higher than the population growth rate. 


The cost of obtaining energy is also rising at a rapid rate. The combination of produc- 
tion costs and the ever-increasing rate of usage has caused large increases in the price of 
the energy that we use. 


@ One important reason for saving energy is that it saves you money. 


This is important for the money that you and your family save. It is important for our 
state and nation. 


Inflation 


The more people that want a product, the more that product will cost. On the other 
hand, as a supply of a product decreases, the price will increase. The supply and the 
demand for products helps determine the price of that product. 


=~! 
SUPEIY DEMAND 


PRICES 
In the case of energy, the demand is growing and the supply is decreasing. Energy prices 
are going up, and it appears that they will continue to rise for some time. Rises in 
energy prices cause almost everything that we buy to increase in price. Our dollars begin 
to purchase less and less. When this occurs, we have inflation. 


@ Using less energy decreases the demand and helps reduce inflation. 


Environmental Protection and Energy 


There is a conflict between the attempt to preserve the ecological balance and the demand 
for the development of more energy resources. The development of the electrical power 
plants in the Four Corners area of New Mexico, for example, was delayed because of the 
possibility of air pollution hurting the ecology of the region. Another example of this 
conflict is the opposition to nuclear power plant development caused by concern over 
thermal pollution and the possibility of radiation pollution. Detailed environmental 
impact statements are now required before a nuclear power plant can be constructed. 
This has caused delays in nuclear power plant development. 


@ Ecological protection is necessary but it costs — it is not free. 
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Economics of Coal 


During the past several years, many manufacturers and industries have shifted from coal 
to oil and natural gas. This shift was caused by two things: oil and natural gas cost less; 
oil and natural gas can meet the tougher environmental standards regarding pollution. 
But oil and natural gas supplies are becoming more scarce. 


Our nation has enough coal to supply its energy needs for many years although most 
of it contains too much sulfur to meet current environmental protection standards. 
Manufacturers and industries are now attempting to shift back to coal, but this conver- 
sion will not be simple and will cost money. 


@ Coal requires space for storage. 
@ Boilers must be rebuilt with grates and ash removal systems. 


@ The sulfur released into the air from burning coal must be reduced. 


Conversion to Coal 


Attempts to convert coal into gas (gasification) or oil (liquefaction), are old ideas. This 
process will turn coal into a gas or a liquid and eliminate the sulfur dioxide before it is 
burned as a fuel. Some researchers predict that the coal-powered electrical generating 
plant of the future will produce a variety of chemicals from coal as well as producing 
electricity from the gas obtained from the coal. 


THE COAL-POWERED POWER PLANT OF THE FUTURE 


CHEMICALS 
FA 


OUTPUT 


@ Industry has not yet been able to convert coal into gas economically. 
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VI. Natural Gas 


Around 1955, when the United States felt that there was a large surplus of natural gas, 
price controls were placed on natural gas. These controls helped keep the price of 
natural gas quite low and increased the demand tremendously. Today over one-third 
of the energy generated comes from natural gas. 


These same price controls with the reduction in profits that caused the increase in use 
of natural gas also caused a reduction in profits to producers. This in turn caused the 
producers to almost stop looking for new gas wells. The cost of drilling wells also 
increased. In the early days of developing natural gas wells, the drillers had to go only 
about one mile into the earth at a cost of about $100,000. Today the drillers have to 
go from four to five miles deep and the cost is almost $1,000,000 for each mile. 


Both new oil wells and new natural gas wells have decreased in the United States. 


@ 1956 — 58,000 new working oil and natural gas wells. 


@ 1976 — 26,000 new working oil and natural gas wells. 


VII. Oil 


Existing oil refineries are operating at nearly full capacity. Thus, even if new deposits 
of oil are found and if new oil wells are drilled, there will still be a shortage of gasoline 
and other refined oil products. 


Many more oil refineries are needed in the United States but almost none are being 
built. There are two major reasons for this lack of construction: 


@ Profits are too small to pay for construction 


@ Fears of pollution have halted construction. 


We must remember also that plastics are made from oil products. Many packages use 
considerable quantities of plastics; so do many of the other articles used in our everyday 
life. 


Vill. Foreign Imports 


As our nation began to use more energy than we could produce, we became more and 
more dependent upon foreign imports. International politics now affect our acquiring 
energy resources. This is especially true in the case of oil. The Arabian countries, for 
example, temporarily halted oil shipments to the United States in 1973 as a protest 
against the United States’ support of Israel. The cost of imported oil and other energy 
resources depends upon the prices that the foreign nations choose to charge. 


@ Using less energy can reduce our dependency upon foreign imports. 


IX. 
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New Energy Sources 


Millions of dollars are being spent to develop new energy sources including sources such 
as the wind, the sun, underground steam, nuclear energy, etc. Nuclear energy appears to 
be the most promising of these new sources and seems to be economically feasible. 
Another promising energy source is the sun. It places almost one horsepower of energy 
per square yard on the surface of the earth, especially in the southwest part of the 
United States. This source of energy is clean, safe, quiet, and abundant. 


So far, the technical problems and the higher costs of solar energy (compared to 

other sources) have prevented its use on anything but a small scale. However, using 
solar energy for only about one percent of our nation’s needs would save approximately 
100 million barrels of oil each year. 


Some areas in the United States have a high average wind velocity. These include the 
northeastern part of New Mexico, the Dakotas, and an area about 50 miles off the coast 
of the eastern part of the United States. New forms of windmills could produce 
significant amounts of electricity. 


Some oil wells and natural gas wells are no longer economical to operate. High explosives 
underground may be able to reactivate these wells. The shock and the heat could combine 
scattered pockets of oil into quantities large enough to be economical to pump. 


@ The relative cost and technical problems prevent widespread use of many new energy 
source developments. 


We do have available new sources of energy that could be used today. However, the 
cost is ten or more times higher than the cost of existing energy sources. Efforts to 
develop these new energy sources will continue. The major objective is to lower the 
costs enough to be competitive. 


Bee 


Part If — What is Conservation? Economics of Conservation 


SUGGESTED TEST QUESTIONS (Related to Objectives) 


1. Energy prices have increased in the United States because: 
a. The use of energy is rising around four percent per year. 
b. The cost of obtaining energy is increasing rapidly. 
c. Inflation has caused everything to have higher prices. 
d. All of the above. 


2. If we all cooperate and use less energy, one result will be to: 
a. Decrease demand and reduce inflation. 
b. Increase demand and reduce inflation. 
c. Increase demand and increase inflation. 
d. Decrease demand and increase inflation. 
3. Two actual examples of the conflict between environmental protection attempts and 
the development of energy supplies are: 


a. 


b. 


4. The conversion from oil and natural gas by manufacturers and industry will not be 
simple and will cost money. Two things that will be required when conversion to coal 
is done are: 


a. 


&: 


5. Industry is trying to convert coal into gas because: 

a Chemicals can be obtained from the coal. 

b. Gas eliminates the sulfur dioxide before it is burned as a fuel. 
c. Converted gas is much cheaper than coal. 
d 


Gas is more expensive than coal. 


6. Fewer natural gas wells are being drilled than in the past because: 
a. Low prices reduced profits from natural gas wells. 
b. Cost of drilling wells increased significantly. 
c. Botha and b. 


d. The demand for natural gas decreased. 


7. Two reasons that oil refineries have not been built recently are: 


a. 


b. 
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8. One way that you, personally, can help reduce our dependency upon foreign imports 
of energy is: 


Solar energy is perhaps the most plentiful source on earth. The reason we are not using 


large quantities of solar energy is: 


a. 
b. 
C 


cs 


Too many clouds cover the earth. 
At present, the cost is too high. 
There is no way to convert solar energy into usable forms. 


There is no demand for a new energy source. 
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ANSWERS TO TEST 


(d) 

(a) 

New Mexico Four Corners Region and Nuclear Reactor delays (or similar examples) 
Coal requires space for storage 

Boilers must be rebuilt with grates and ash removal systems 

Sulfur released into the air must be reduced (any two) 

(b) 

(c) 


Profits are insufficient to finance construction. 
Fear of pollution has caused construction to be stopped. 


Use less energy. 


(b) 
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SUGGESTED STUDENT ACTIVITIES 


Have one member of your class call the electric power company to find out how 
electricity is charged on your electric bill. Share this information with the rest of the 
class. Each member of the class study his or her electric bill to confirm that the 
charges were computed as reported. Also, find how much on an average each kilowatt- 
hour costs. 


Have a member of the class call the gas company to find out how charges are computed 
for your gas bill. Share this information with the rest of the class. Each member of the 
class study his or her gas bill to confirm that the charges are computed as reported. 
Find out how gas is charged and convert into units so it can be compared with equal 
energy from electricity. 


Read the electric meter in your home on Sunday and again on the following Sunday. 
Compute what electricity has cost for the week. Work out a plan with members of your 
family to reduce the use of electricity, then repeat the readings covering one more week. 
Compare how much electricity is used with your conservation plan in effect. How many 
fewer kilowatt-hours were used and how much money was saved. 


Look at the name plates of three major household appliances to see how many watts of 
electricity are required for each. Compare the costs of using each of these continuously 
for one hour. Determine apprxoimately the cost of electricity required for each. 


Find out how many watts your iron uses. How many 100-watt light bulbs can be burning 
to equal this wattage? 


Look up in an encyclopedia “fluorescent lighting” to see which is the most economical 
to use — equal lighting with fluorescent lights or equal lighting with incandescent lights. 
Discuss why. 


Make a survey of your school to determine ways that energy is being conserved and ways 
that energy is being wasted. Make a list of ways to save energy at your school. Have the 
principal visit your class to discuss these ways to see if they can be implemented. 


List as many ways as you can to get from one place to another without using energy. 
Compare your list with others in the class. Make agreements to personally save energy 
by using some of these ways. 


Make a list of all the electrical and gas appliances in your home. Compare your list 
with others in your class. Discuss those that are felt to be really needed and those 
that could easily be done without. 


Form two teams and debate the topic — it is best to go back to human energy. 


Discuss the effects of protecting the ecology upon the development of energy supplies 
in the State of New Mexico. 


Make a poster with pictures cut from magazines or with photographs that will encourage 
your classmates to conserve energy. 
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UNIT 9 
FOOD 


UNIT OBJECTIVE 


Upon completion of this unit, students will be able to demonstrate knowledge of how energy 
comes from food and how it goes into getting food to humans. 


BEEGIL ICO bIEC] IV ES 


Upon completion of this unit, students should be able to: 


Select the relative numbers in succeeding links of a food chain. 

Recognize the reason that food chains are limited to five or six links. 

Recall the unit used to measure the energy content of foods. 

Select the source of the energy used most in the production of food in the USA. 
Recognize that most foods require processing before marketing. 


Select the statement describing the relative amounts of energy required to produce a 
unit of food energy in the United States. 


Select the statement describing the relative amounts of energy required to produce a unit 
of food energy in the United States. 


Name two foods that are sun-dried in New Mexico. 

Select the techniques of food preservation included in the term ‘“‘curing.” 

Name three types of radiation that can be used to preserve food. 

Recall the type of refrigerator that uses the most energy. 

Name two things that can be done with food waste to recycle it into the environment. 
State two advantages of preparing foods from basic staples. 

Perform one or more student activities relating food energy usage to the conditions in 
New Mexico. 


This unit refers to p. 14 of the booklet, Energy Conservation. 
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Part II] — How Is Energy Used? Food 


BASIC INFORMATION 


ie Food Chains 


A. 


Definition 


Sunshine causes plants to grow when they are in soil that will support them. An 
animal such as a deer will eat the plants and take much of the energy stored in the 
plants for use in the deer’s body. Another animal such as a lion may eat the deer 
and transform this energy into the lion’s body. Later, the lion may die and his body 
return to the soil where it is again used by the plants to grow in the sunshine. This 
cycle of food and energy passing from one form to another is called a “‘food chain.” 
Each link in the food chain passes along energy from one link to another. The 
example given is greatly oversimplified but illustrates the principle involved. 


Numbers 


If a man is to gain one pound from eating fish, he will have to eat approximately 
ten pounds of fish. The fish in turn will have eaten 100 pounds of small animals 
in the ocean. The small animals will have eaten approximately 1,000 pounds of 
plant life. This food pyramid or food chain is illustrated below. Each link in 

a successful food chain has approximately ten times the numbers in the next 
link. 


| ———— i im 


| 0 Fish 
a eae 100 Sinai Marine Animals 


Energy 


In addition to the pyramid of numbers in a food chain, a pyramid of energy is 
also involved. The start or bottom of the pyramid will have energy available in 
abundance, but the energy is steadily lost until the final consumer at the top 
has only a little of the original energy that was present. Some of the energy lost 
from link to link in the food chain is heat; some is mechanical work involved in 
normal animal activities. The loss of energy limits the links in a food chain to no 
more than five or six. 


Il. 


If. 


IV. 
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Food is-Energy 


We must have food in order to live. Food gives us energy to do work. The food that we 
eat is converted from chemical energy into the mechanical energy that our bodies require. 
(See “‘Energy Conservation” page 14). Our digestive system must break down the food 
into basic chemicals before our bodies can use the food. When the digested food gets to 
the cells of the body they are oxidized or burned. The oxidation of the chemicals in the 
food gives us the energy we use when we walk, swim, run, breathe, or think. Our body 
temperature of around 98.6 degrees (F) is required in order for our body cells to func- 
tion and to live. The energy in food, as you learned in an earlier unit, is measured in 
calories. Foods that have a lot of oil, fat, or sweets are usually higher in calories than 
other foods. We can gain energy by eating a good diet. 


Food Production 


In the early history of our nation, most farmers produced only the amount of food 
required for their families. Any surplus food was sold or traded to their neighbors. The 
work on these small farms was performed by animals and by the farmer and his family. 
Another important food source, fish, was gathered by ships with sails or by boats with 
oars or paddles. In the early days of the United States very little energy was required to 
produce food. 


Today farms are realtively large in size. 
Large tractors and machines, not animals, 
do most of the work in raising crops. 
Fewer people live on farms today than 

in any time in our history. The energy 

to produce our food comes mostly from 
petroleum products in the form of gasoline, 
diesel oil, pesticides, and fertilizers. 

Many farms in dry areas such as New 
Mexico also use energy to provide the 


necessary irrigation. The fishing fleets 
and seafood from various parts of the A [} | | 
oceans. Our food producers are the 


W355 
os 


USA 
travel great distances to obtain fish 
most efficient in the world. Each 
person producing food in the United 
States provides the food for an 
average of 35 to 40 persons. In 
comparison, farmers and fishermen 


in Russia provide food for only 
four persons. 


USSR 


Food Processing 


Most foods require some form of processing before being shipped to market. Many of 
the techniques used require energy sources for operation. Grains such as wheat, oats, 
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“and rye are ground into flour or made into cereals. Milk is pasteurized, homogenized, 
and bottled. Fruit and vegetables are gathered, cleaned, sorted and packed. 


Some meat is salted, dried, corned, smoked, or cured. Large fishing vessels wash and 
clean part of their fish or cut it into smaller, more usable portions before returning to 
port. All of these techniques of food processing require much more energy than only 
human power. Most of the food processed in the United States also requires some form 
of food preservation and packaging. There are many food processing companies in New 
Mexico. 


Canning 


The most widely used form of food preservation in the United States is canning. Food 
is either cooked or partially cooked and, while still hot, is sealed into cans or glass 
containers. The heat sterilizes the food, and the sealed container keeps air from the 
food. 

In all kinds of canning, energy in the form of heat is required. Large factories use 
many types of unique automated machines for the entire process of heating the food, 
canning, labeling, and packaging into shipping containers. 


Over 20,000,000,000 cans are produced each vear in the USA. That's 
enough to go around the earth 65 times if placed end to end. 


Freezing 


Our nation uses large quantities of frozen food. Freezing is just behind canning as the 
most common method of food preservation. There are many different ways of removing 
the heat from foods in the freezing process. You can use a constant stream of cold air, 
place the food in special freezer compartments such as that found in home freezers, 

or place the food in special cold liquids. Almost every city in New Mexico has a frozen 
meat facility. Freezing food requires large expenditures of electrical energy both in the 
processing of the food and in keeping it frozen in our homes. Many frozen foods avail- 
able today are pre-cooked and require little preparation time. These foods are convenient 
and very popular, but they require much more energy in their overall preparation. 

As outlined in the booklet, Energy Conservation, we now require about ten calories of 
overall energy just to produce one calorie of food in the United States. Most nations of 
the world produce ten calories of food with one calorie of energy. 


| Energy Unit Energy Unit 
Energy Units for Production of Food for Production Energy Units of Food 
USA Other Parts of the World 
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VII. 


VIII. 


IX. 


@ More than 12,000,000,000 pounds of food are frozen each year in the USA. 
That’s about 1/20th the total weight of steel produced. 


Drying 


One of the oldest methods of preserving food is to remove the moisture. Drying also 
reduces the weight and the size of foods so shipping and storage are easier. Food is 
dried by exposing the food to the sun, using heat, using vacuum, or combinations of 
these techniques. 


@ Many homes in New Mexico use the sun to dry such foods as chili and apples 


Freeze drying is done by the use of a vacuum with the frozen food still kept below 
freezing. Freeze drying produces high quality preserved foods, but it uses considerably 
more energy than other techniques. 


Curing 


Food processed by curing includes cooking, salting, smoking, pickling, or combinations 
of these. Although this technique is common, relatively small amounts of energy are 
required in comparison with other techniques of food preservation. Fish from New 
Mexico waters are often smoked before eaten. Many hog raisers in our state salt and 
smoke the bacon and the hams before marketing these products. 


Radiation 


Food can be preserved by exposing it to gamma, electron, neutron, or ultraviolet radia- - 
tion. These radiations slow decay, kill bacteria and insects, reduce mold, and prevent 
the sprouting of vegetables such as potatoes. This technique of food preservation is 
relatively new. It is not yet in common use and thus does not use significant amounts 
of energy. 


Refrigeration 


The form of food preservation most familiar to us is refrigeration. Temperatures from 
33° to 50° (F) are commonly used. These temperatures do not stop food spoilage, but 
they do slow down the spoilage rate. Commercial refrigerators, or cold storage areas, 
work the same way that the household appliance works. Meat, for example, is kept in 

a refrigerated area for a time ranging from one to two weeks to permit it to tenderize or 
“age.” The total energy required for refrigeration in our nation is quite high. Most 
household refrigerators have a separate section designed especially for frozen foods. 
The type of refrigerator and freezer that defrosts automatically consumes many more 
times the energy than one requiring manual defrosting. 
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XI. 


XII. 


XIIf. 


Food 


Food Transportation 


Not long ago food was loaded on the backs of animals, hauled in wagons, or carried 
in hand to the market. With these slow transportation methods, food was not carried 
great distances. Today, the transportation of food is a major enterprise. Refrigerated 
rail cars, trucks, and ships are used to carry meats, fruits, and vegetables to all parts 
of our nation and to other parts of the world. Airplanes are often used to transport 
fragile and perishable food (such as lobsters). 


The food that we eat every day comes from locations far away from our homes. The 
transportation of food consumes vast quantities of energy. You will have more 
information regai-' 1g the consumption of energy in a later unit on transportation. 


Food Preparation 


Preparing foods in the kitchen uses much less energy than goes into the pre-cooked and 
pre-prepared foods available in our supermarkets. In addition, the cost is significantly 
lower — sometimes as much as ten times less. When you prepare foods from the basic 
staples, you are, in effect, substituting human energy for that used in the automation 
and mechanization in food processing factories. 


Food Waste 


Poor buying habits, refusal to use leftover food in our homes, and other habits result 
in much food waste. Each year we throw away hundreds of pounds of food scraps that 
used to be fed to dogs and other animals. At the same time, we spend millions of 
dollars each year buying prepared dog food. We often flush enough usable food down 
our garbage disposals to feed another complete family. Our society seems to encourage 
deliberate waste, not only in food practices, but our daily activities as well. 


Some efforts are being made to recover food wastes and other sewage by converting 
them into fertilizers. As outlined in the booklet, Energy Conservation, food wastes can 
be used to create compost piles which will recycle this organic waste. 
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SUGGESTED TEST QUESTIONS (Related to objectives) 


1. To survive, a food chain has more numbers in the next lower link. This ratio is about: 


Pee: 1,000 to 1 
SD 
ee 10 to 1 

dpe 400 


i) 


Food chains are limited approximately to five or six links because of the: 
a. loss of energy 

__b. gain of energy 

c. nature of animal and plant interaction 


_d. inability of scientists to probe further 


3. The energy to produce our food in the USA comes mostly from: 
a. manpower 

_ b. animal power 

—c¢. petroleum products 


_d. wood products 


4. Before marketing, most foods require: 
a. some form of processing 

b. radiation 

c. freezing 


d. aging 


5. The most widely used form of processing food in the USA is 


6. The relative amount of energy used to produce one calorie of food in the USA is: 
a. one for one 
b. ten for one 


one hundred for one 


CG 


_d. one thousand for one 


7. Two foods that are sun-dried in New Mexico are ___ and 


8. Curing is a form of food preservation. Tltis term includes: 


___ a. a. cooking c. smoking and pickling 
ee b. salting ____d. any combination of the above. 
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os 


10. 


it. 


iD. 


Three types of radiation that can be used to preserve food are: 


The type of refrigerator that uses more energy than the other is: 


__a. automatic defrost type 


b. manual defrost type 


Two ways to recycle food waste into the environment is: 


Two advantages to the prearation of food from staple items are: 
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ANSWERS TO TEST 


bk 


2: 


oF 


dds 


12 


C. 


a. 

canning 

b. 

chili and apples (others can be named) 

d. 

gamma, neutron, electron, ultraviolet (any three in any order) 
automatic defrost type 

convert into fertilizer; compost pile 


use less energy and more economical 
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SUGGESTED STUDENT ACTIVITIES 


1. By reading the nameplate data, determine the wattage used on a refrigerator requiring 
manual defrosting and another that has automatic defrosting. Compare these wattage 
ratings to see which uses the most energy and to determine the relative difference. 


to 


Visit a farm that uses irrigation (or, if not possible, interview a farmer with such a farm) 
and find out how the irrigation is accomplished and where the energy comes from for 
irrigation. 


3. List all the food used by you for one meal. Find out where each item in your meal was 
grown and how it was delivered to you. Write a brief summary and compare your 
summary with those of your classmates. 


4. Visit your local supermarket and list the different types of food preservation techniques 
that are used (cans, dried, etc.). Find how many foods for sale in the supermarket were 
produced in New Mexico. Compare your list with others in your class. 


5. Look up information on compost piles (in addition to that in Energy Conservation) and 
describe how you can make a compost pile using the materials available at your home. 
List the advantages and the disadvantages of a compost pile. 


6. Plan a garden for your home. Be sure to consider the growing season, the temperature, 
and the other factors in relation to the plants you plan to put in your garden. Estimate 
the cost of producing vegetables in your garden with the cost of buying canned vegetables. 


7. Describe a food chain that exists in your area of New Mexico. Have no less than four 
links in your description. 


8. Visit a meat processing or a meat freezing plant in your community. Make a written or 
an oral report describing each step in the process and why that step is performed. 


9. Locate a company or an individual that cans, cures, or dries food to be sold and describe 
how this is done. Estimate the energy used in the process. 


10. List the ingredients for preparing one gallon of vegetable soup at home. Visit the super- 
market and find out what these ingredients will cost. Determine the total cost of pre- 
paring the gallon of soup (including the energy used to cook) then compare this cost 
with the price of one gallon of canned soup. Alternately, if you prefer, substitute the 
preparation of one gallon of New Mexico chili. 


11. Interview the local grocery store manager to find out how many trucks deliver goods 


to his store cach week. Also. find out what type of truck is used to deliver the various 
grocery items. Discuss your findings in class. 
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SELECTED REFERENCES 


In addition to the references listed on page 20 of Energy Conservation, the following sources 
may be of value in teaching these units relating to energy. 


Energy-Environment Materials Guide — National Science Teachers Association, 1742 
Connecticut Avenue, N.W., Washington, D.C. 20009. 


Creating Energy Choices for the Future, ERDA 48, Vols. 1 and 2. U.S. Energy Research 
Development Agency, Office of Public Affairs, Technical Information Center, P.O. Box 
62, Oak Ridge, Tennessee 37830. 


Energy Choices for Now — Saving, Using, Renewing — National Educational Association, 
the Academic Building, Saw Mill Road, West Haven, Connecticut 06516. 


A Curriculum Activities Guide to Water Pollution and Environmental Studies — Training 
Grants Branch, Federa Water Quality Administration, Department of the Interior, Washington, 
D.C. 20242. 


Nuclear Science and Society — Cohen, Bernard L., Anchor Books, Garden City, N.Y., 1974. 
The Waste Makers — Packard, Vance, Pocket Books, Inc., New York, 1963. 


The Automobile and Air Pollution — U.S. Department of Commerce Report, October, 1967, 
U.S. Government Printing Office, Washington, D.C. 


Energy Resources — Volume VIII of Emergency Management of the National Economy, 
Industrial College of the Armed Forces, Washington, D.C. 
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UNIT 10 
HEATING, COOLING, AND LIGHTING 


UNIT OBJECTIVE 


Upon completion of this unit, students will be able to demonstrate knowledge of how energy 
is involved in heating, lighting, and cooling. 


SPECIFIC OBJECTIVES 


Upon completion of this unit, students should be able to: 
1. A. Place in order the historical development of heating devices. 
B. Name the four things done to the air by air-conditioning. 


C. Correctly order the historical development of lighting devices. 


to 


Select the way a thermostat setting can save energy. 


Match the definitions correctly with the terms convection, conduction, radiation. 


Ww 


4. A. Select the major difference between steam heating and hot water heating systems. 
B. Recall the most common type of central heating system used in New Mexico homes. 
C. Select the method of transfer of heat by radiant heating systems. 
5. Select the basic principles involved in the operation of heat pumps. 
6. Match features of various fuels with the name of the fuel. 
Select the phenomenon associated with the evaporation of liquids. 
Name two reasons for having sufficient lighting. 
A. Recall the unit used to measure the brightness of light. 
B. Select the properties of light associated with glare. 
C. Match the characteristics of fluorescent and incandescent lighting. 
10. Select the best way to keep heat where we want it to be. 
11. State whether insulation is important for cooling as well as for heating. 
12. Name three ways to save energy in lighting systems. 


13. Perform student activities regarding heating, cooling, and lighting in New Mexico 
to the satisfaction of the teacher. 


This unit refers to pp. 12—13 of Energy Conservation. 
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Part III — How Is Energy Used? Heating, Cooling, and Lighting 


BASIC INFORMATION 


Historical Developments 
A. Heating 


In ancient times, people heated their homes by building fires in caves. Holes in the 
side or the top of each cave let the smoke out. Then came fireplaces with chimneys 
to carry out the smoke. (The early native Americans had tents and hogans with a 
hole in the top which let out the smoke.) Later came stoves made of stones, bricks 
and metal. Finally came the centralized heating systems to heat large spaces inside 
buildings. Also, heating systems were developed for cars, airplanes, and other modes 
of travel. 


@ Heating makes it possible to live and work in cold places of the world. 


B. Cooling 


Many years before Christ, people used wet mats hanging over the entrances to their 
homes to cool the interior when the wind passed through the mats. In the early 
1500’s, Leonardo de Vinci designed a waterwheel-operated fan to cause air to 
circulate through wet mats. This type of air-cooling is used today in New Mexico 
except with electric fans and electric pumps to keep the mats wet with water. 


C. Lighting 


Early people used campfires and torches to provide light. Later they used oils 
and fats from plants and animals to burn directly. Wicks were made from plant 
fibers and either 1) surrounding with material, making a candle, or 2) immersed 
in liquid oil or fat and made into a lantern. Gases were later used for lamps and 
lanterns. In common use here in New Mexico are incandescent, fluorescent, and 
various vapor types used in park and street lighting. Today electrical lighting is 
commonplace throughout the United States. 


@ Proper lighting lets us do things more efficiently. 


Heating and Cooling Temperature 


The food we eat provides the fuel to keep our bodies at 98.6° F. temperature. When the 
surrounding air is cold, our bodies lose heat and we wear clothes to prevent too much 
heat loss. In cold climates, indoor heat is provided so we can live comfortably. When it 
is hot, the air is cooled for the same reason. For most healthy people a temperature of 
about 70° F. measured about two feet from the floor is quite comfortable during the 
winter time, and a temperature of about 78° F. during the summer time is comfortable 
to most people. 


Many persons keep their homes too warm during the winter and too cool in the summer. 
The automatic device that controls temperature of heating or cooling systems is called 

a thermostat. Setting the thermostat a few degrees cooler in winter and a few degrees 
warmer in the summer can save significant amounts of energy. 
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@ Lower the thermostat in winter — raise it in summer and save energy! 


Types of Heating 
Heat is transferred from one object to another by three methods: 


® Conduction 
® Convection 
® Radiation 


Conduction is the transfer of heat by direct contact. A pan placed on top of a hot 
burner is heated by conduction. So is one end of a metal rod when the other end is 
heated. 


Convection is the transfer of heat by warm air. Air passing near hot objects will be 
warmed and will flow almost like water. The flowing air transfers heat from one place 
to another. 


Radiation is the transfer of heat in the form of waves like radio waves, X-rays, and 
light waves. When an object is hot, it radiates heat in the form of waves. The sun, for 
example, heats the earth by radiant energy. 


Heating Systems 


Both central heating systems and space heaters (such as heat stoves or wall panel units) 
use various forms of heat transfer. A central heating system takes heat from one central 
location and transfers it to various parts of a building. 


A. Steam and Hot Water Heating 


The major parts of a steam or hot-water heating system are the heat source, a 
boiler, a system of pipes, and the devices used to transfer the heat where it is 

used. Sometimes coils are embedded in the floor of a room and heat from the floor 
upward. This techniques gives the most even range of temperatures throughout the 
room. 


The major difference between a hot water and a steam system is the temperature 
of the water. Usually hot water systems require a pump to move the water through 
the system. A steam system generates enough pressure so that no pump is needed. 


Radiator ———* a ila Transfer Devices 
Boiler 


Coils 


Heat Source A STEAM HEATING SYSTEM 
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“B. Warm-Air Heating 


Perhaps the most common type of central heating in homes in New Mexico is the 
warm-air heating system type. A heat source heats coils. An electric fan blows air 
through the coils. Then the fan forces the air through pipes or ducts to openings in 
the various rooms of the home. Some warm-air systems are also used during the 
summer for cooling by using the same ducts to transfer cool air. 


Vent 
C Registers (in rooms) 


Heat Source 


A WARM-AIR HEATING SYSTEM 


C. Radiant Heating 


Instead of using radiators or air registers which concentrate the heat in one part of 
a room, radiant heating systems use a system of pipes or electrical heating elements 
spread over a large area of the room. 


The heat warms the objects or the persons it strikes, but it does not raise the 
temperature of the air significantly. This form of heating provides comfort at 
lower room temperatures than the other systems. 


A good example of natural radiant heating is demonstrated by persons in bathing 
suits comfortably standing in the snow of a ski area as long as the sun is shining 
directly on them. The air temperature can be quite cool, but the body can still 
receive enough heat by radiation to remain comfortable. 


@ Radiant heating transfers heat by waves directly to the object. 


VV. Heat Pumps 


A heat pump takes heat from one area and delivers it to another area. To heat a 
building, a heat pump takes heat from an area outside the building and takes it inside 
the building. 
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The reverse can also take place to cool a building. In this case, the heat is taken from 
inside the building and transferred outside, thus cooling the interior. 


Usually fluids are used to transfer the heat from one place to another. The fluid in a 
heat pump is called refrigerant. Your refrigerator is an example of a form of heat pump. 
The heat is taken from the objects inside the refrigerator and transferred into the room. 


The following diagram shows how a heat pump works to heat an area such as a room. 


Heated Area 


Low Pressure High Pressure 


Cold Gas Warm Gas 


A Qe Oe, 
Heating 


Source 
———— ———— ee 


Low Pressure High Pressure 


Warm Gas Hot Gas 


Compressor 


Heat Transfer Device 


The same system can be used to cool a room or area by reversing the compressor, the 
expansion valve, and flow. The basic principle involved in these systems is that gases 
become hot when compressed and become cold when allowed to expand. 


Cooled Area 


High Pressure Low Pressure 


Cool Gas Cold Gas 
Cooling : : 
Source 
oe — 


High Pressure Low Pressure 


Warm Gas 


Compressor 
Heat Transfer Device 


@ Heat pumps can be used either for heating or cooling. 
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Heating Fuels 


The commonly used fuels for heating are coal, coke, oil, natural gas, and electricity. 
Coke is coal with some oils and gases removed and thus is much lighter in weight. Coke 
burns with less pollution than does coal. Coal and coke furnaces require some means of 
an automatic device called a stoker. Also, ashes must be removed. The control of coal 
and coke furnaces is more difficult than the other types. Oil-fired furnaces and those 
using natural gas provide instant heat and cut-off by means of a signal from the thermo- 
stat. The oil is blasted in spray form and mixed with air to provide a mixture that burns 
efficiently. 


Natural gas burns in much the same manner. It too is mixed with the correct amount of 
air for best combustion in its burner. 


Electric heating usually gives off radiant heating. It is the most expensive type of heating 
but it is also the cleanest and most trouble-free. 


Future systems may not use the fossil fuel used today. For example, in New Mexico 
several buildings are already using solar energy to heat the water in a hot water central- 
ized heating system. 


Also, the cooling or the heating source as shown in the illustrations of heat pumps could 
be reservoirs in the earth. Various fluids other than water are being used in heating 
systems which, although more expensive at first, transfer heat better than water. 


Air Conditioning 


Air conditioners cool the air by means of a heat pump (shown in Paragraph V of this 
discussion). In addition, complete systems have filters to help clean the air, fans to 
provide air circulation, and humidifiers or dehumidifiers to control the relative amount 
of moisture in the air (see diagram next page). 


All air conditioners do not have all of these features. Room air conditioners, for example, 
may only have a filter and a blower fan in addition to the heat pump system, so they 
have no control over humidity. 


Many homes in New Mexico are cooled by passing air through wet pads. This system 
works only in areas of low relative humidity. Two benefits are received from this 
system in New Mexico: 


® The air is cooled approximately 25° F. 
@ Humidity is added to the air circulating in the home. 


When a summer day, for example, has a temperature of 95° F. and a relative humidity 
of 5%, the inside air of your home may be at 70° F. with a relative humidity of 30%. 


The basic principle of both refrigerated air conditioning and the wet-pad type is that: 
@ When liquids evaporate they absorb heat (become cold). 


This principle can be demonstrated by putting rubbing alcohol on your arm. When the 
alcohol evaporates, it takes up heat from your skin and leaves it cooled. 
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For the evaporative type of cooler in common use in New Mexico (sometimes called 
“swamp coolers’) to work, a window or door must be open in the house. Otherwise, a 
back pressure builds up and the air flow is reduced or stopped. 


You can think of this as if you were blowing air into a very strong balloon. You soon 


reach the point where the air in the balloon has about the same pressure that you have, 
so little or no air is added. 


The evaporative type depends upon air flow which causes evaporation of the water and 
thus cools the air passing through the wet pads. 


Conditioned Air 


Circula- 
tion 
Control 


Tempera- 
ture 
Control 


Humidit 


Area Being 
Control 


Air Inpu Conditioned 


*Return Air 


Air Conditioning System (Complete) 


VIII. Lighting Planning 


Good lighting requires planning. You know that it takes more light to thread a needle, 
for example, than it does to walk down a wide corridor. 


It is important that you have the correct amount of light in the proper fashion when 


working or studying. Otherwise, your eyes will get tired, and you won’t work as effec- 
tively. 


Lights are important not only for work and study but also for safety. Proper lights can 
reduce the amount of crime in a city. Also, well lighted intersections have fewer accidents. 


IX. Qualities of Lighting 
A. Brightness 


Brightness of light is a measure of how much light is present. Scientists measure the 
brightness of light in “lumens” and in “‘foot-candles.” 


a One foot-candle equals one lumen of light shining on an area of one square 
foot. 
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Engineers have meters that measure the intensity of light in foot-candles. The 
photographer uses a similar instrument that measures the intensity of light so 
he can set his camera properly. As stated in Energy Conservation (p. 17), you 
need approximately 50 foot-candles of light at your desk for reading and other 
detailed work, about 30 foot-candles in the room in general, and about 10 foot- 
candles in halls and storerooms. 


Glare 


Glare results when a bright light such as an unshaded light bulb shines directly in 
our eyes. Glares makes seeing very difficult. Many light bulbs are frosted to 
minimize glare. 


Indirect lighting is sometimes used to reduce glare. Indirect lighting means aiming 
the light toward the ceiling where it is scattered and reflected back into the room. 


Color 


Incandescent light bulbs give off a yellowish light. Fluorescent lights are very 
close to being the same as ordinary outdoor daylight. 


Many of our street lights are now bright yellow. These lights (often used on over- 
passes and at intersections, especially where danger exists) are made of sodium. 
Some street lights use mercury vapor to produce a very white light. 


Objects appear to be different in color under different colored lights. Red, for 
example, will appear to be red under a red light but all other colors will seem to 
be different. The sodium lights used to light streets make everything appear to be 
yellow. . 


Heating Savings 


When we heat an area, we want the heat to remain in the area being heated. But some 
heat always escapes through the floors, walls, ceilings, doors, and windows. Insulation 
(including trapped or dead air space) reduces heat loss. 


Thermal windows or storm windows minimize the heat loss through the windows. 
Doors can be equipped with storm doors or with weatherstripping to seal the leaks 
around doors. Insulating the ceiling, walls, and floors can significantly reduce the 
energy required for heating. An additional benefit is the lower cost of utilities. Some 
of the other things you can do or have done to make your heating system more 
efficient are: 


Oil the bearings of fans, pumps, or motors at least once a year. 

Clean or replace the filters every three months or more often if needed. 
Check the fan belt to the blower for proper tension and lack of wear. 

At least once a vear, clean the entire system — ducts, etc. 

Inspect the boiler (if you have one) and when necessary, remove the soot. 
Keep the thermostat at a relatively low level and set it lower at night. 


Close off rooms or vents to rooms not being used. 
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Lighting Savings 


Some of the things you can do or have done to help save energy with lighting are: 


Turn off lights not being used. 


- Use only the amount of light sufficient for what you are doing. 


Use smaller wattage light bulbs when possible to do with less light. 


Shift to fluorescent lamps from incandescent lamps — fluorescent lamps give more 
light for less wattage. 


Eliminate or minimize the use of lights solely for decorative purposes. 
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SUGGESTED TEST QUESTIONS (Related to Objectives) 


1. A. Place a “1” in front of the development in heating that came first in history, a 
“2” in front of the next development, etc. 


—___ (1) Metal stove 

____ (2) Fireplace 

____ (3) Central heating system 
____ (4) Hogans with hole in top 


B. Complete air conditioning systems condition the air in four ways: 
(1) 
(2) 
(3) 
(4) 


C. Place a “‘1” in front of the lighting development that came first in history, a “‘2” 
in front of the second development, etc. 


____ (1) Candles (3) Gas lights 
___ (2) Electric lights ___ (4) Torches 


tO 


To save energy the thermostat controlling temperature should be: 
_a. Raised above 75° and lowered below 75° in summer. 
b. Lowered below 75° in winter and raised above 75° in summer. 
c. Left at the same setting in winter and summer. 
d None of the above — there is no connection between the thermostat setting 


and energy consumption. 


3. Match the following definition with the correct term. 


a. Conduction (1) Transfer of heat by waves 
be Convection (2) Transfer of heat by direct contact 
_c. Radiation (3) Transfer of heat by air currents 


4. A. The major difference between steam heating systems and hot water systems is: 
____ (1) The temperature of the water leaving the boiler 
____ (2) The type of heat transfer device in the rooms 
____ (3) The presence of a heat source for the boiler 

(4) The presence of a thermostat control device 


B. The most common type of central heating system used in New Mexico homes is 
the type. 
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C. Radiant heat transfers heat by (waves) (direct contact) (air currents). 


5. The basic principles involved in heat pumps are: 
____a. | Gases become hot when compressed and also hot when allowed to expand. 
____b. Gases become hot when compressed and cool when allowed to expand. 

c. Gases become cool when compressed and hot when allowed to expand. 


4. Gases become cool when compressed and also cool when allowed to expand. 


6. Match the characteristics on the right with the fuel listed on the left. 


Dba EC oa (1) Most expensive but cleanest 

oe Uae Oke (2) Oil and gases removed and burns cleaner 

___c¢. Natural Gas (3) Dirtiest and requires a form of stoking 
_d._ Electricity (4) Instant on-off control of heat 


7. When liquids evaporate, they: 


Become hotter 


a. 
b. Remain the same temperature 


Cc. Become cooler 


d. Turn into a solid 


8. Two reasons for having sufficient lighting in a home or office are 
and 


9. A. The unit used to measure the brightness of light is 


Glare from light is caused by (light shining into your eyes) (brightness of the light) 
(color of the light). 


C. In front of each characteristic listed below, place an “‘F”’ if it more closely describes 
fluorescent lights and an “‘I”’ if it more closely describes incandescent lights. 


(1) A given wattage lamp gives off more light. 
(2) Light given off is yellow in color. 
(3) Are comparatively chaper to opeate. 


(4) Give off a light close to daylight in color. 


10. The best way of keeping heat in a room where we want it to stay is: 


Use sufficient and proper insulation. 


ip Bs 
_b. Use a larger heating system. 


c. Replace the filters in the heating system regularly. 


d. Oil the bearings of the motors in the heating system regularly. 
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11. True or False: Insulation is equally important for cooling systems as it is for heating 
systems. 


12. Three ways of saving energy in the use of lighting are: 
a. 
b. 


C. 
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ANSWERS TO TEST 


for Aye Ciens 2 aires 
CZ eee 
(3) 4 2 Pri: Kod © 4b 
(4) 1 bij-<.(3,) 
(1) 


B. (Equivalent wording in any order is correct) 
(1) Humidity 
(2) Cleanliness 
(3) Temperature 
(4) Circulation or flow 


EE UL (33 
(2) 4 (4) 1 
Wed he TOR 
B. Warm-air 
C Waves 
aad 
GS oa OL) 
by (2) 
c. (4) 
dh Bly 
ac 


8. Eyes less tired: work more effectively (Equivalent wording any order) 


9. A.  Foot-candles (or lumens) 
B. Light shining into your eyes 


Coe Claas 
Ply 
00 be 
(4) F 
1 as 
ll. ¥Frue 


12. Turn off lights not being used 
Use only light sufficient for purpose 
Use smaller wattage light bulbs 
Use fluorescent lamps when possible 
Minimize use of lights for decorations (Any three, any order correct) 
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SUGGESTED STUDENT ACTIVITIES 


NOTE: There are several suggested student activities in the booklet Energy Conservation. 
See pages 12..13— 16; and: 17. 


\¥ 


othe ae 


Make a mural showing the developing of heating systems through history. 
Make a mural showing the development of lighting systems through history. 
Make a mural showing the development of cooling systems through history. 


Assume that you are adding a new room onto your home. Figure the costs of installing 
incandescent lamps to give sufficient lighting and compare that with the costs of 
installing fluorescent lamps to give the same amount of lighting (remember the amount 
of light is what you want, not the wattage). Then, figure how much each system will 
cost to operate for one month. 


Bring an incandescent lamp and a fluorescent lamp to class. Compare the light given 
off by both types of lamps and the electrical power used by both. Also, compare the 
amount of heat given off by both types. 


Write a report of the lighting, cooling, and heating system used in your home. Compare 
your reports with those of your classmates. 


Write as many ways as you can find of saving energy in the lighting, heating, and cooling 
of your home. Compile a complete list of the various ways found in your class. 


Borrow a light-meter (suggestion: ask a photographer) and measure the relative amounts 
of light on several desks in your classroom. Measure the light from different types of 
lights or lamps. 


Perform an experiment in class illustrating the various forms of transferring heat 
(conduction, convection, and radiation). Any form of hot substance can be used to 
illustrate these types; for example, an incandescent bulb will heat something in direct 
contact with the bulb, such as a piece of paper, will warm your hand by radiation, and 
will heat by air something placed above the bulb, even if the light is blocked off from 
shing in that direction. 


Visit an air conditioning repair shop and have the technician explain how air condition- 
ing units work (this can be an automotive shop). Find out where in the system the 
refrigerant expands and, thus, causes cooling. 


Debate whether there is such a thing as ‘“‘cold” or whether cold is simply the absence 
of heat. 


Visit a building with refrigeration-type air conditioning and have the system explained 
to you. Then, visit a building having the evaporative type cooling system so common 
in New Mexico and have that system explained. Which of the four basic air condition- 
ing functions are missing in each of these systems (cleaning, cooling, circulating, and 
controlling humidity in the air)? 
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13. Visit a building or house using solar energy to replace or to supplement the normal 
energy sources. Discuss why solar energy has a great future in New Mexico. 
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UNIT It 
TRANSPORTATION 


UNIT OBJECTIVE 


Upon completion of this unit, students will be able to demonstrate knowledge of the uses of 
energy in transportation, and the problems involved. 


SELCCIFIGURIECLIVES 
1. <A. Select the most common type of land transportation. 
B. Select the best method of shipping freight long distances on land. 
C. Select whether trucks or trains use the most energy for freight shipments. 
D. State why pipelines are considered a form of transportation. 
E. State the major use of buses. 
Bs A. Recall where most of the river traffic occurs in the United States. 
B. Name two energy resources shipped by coastal waterways. 
C. State why most of the steel manutacture 1s on the Great Lakes. 
D. Select the major use of Ocean-going ships. 
3. Name two uses of the helicopter. 
4. Name the fastest means of transportation and the most economical from the east coast 
to the west coast. 
5. A. Recall why gas turbines will probably not replace the automobile engine. 
B. Decide whether true or false that steam engines could replace the internal combus- 
tion engine. 
C. Select the major problem associated with the design of an electric car. 
Select the major benefit of shifting from gasoline-opcrated to electrically operated 
automobiles. 
6. A. Decide whether mass transit systems could result in less automobile usage. 
B. Decide whether rockets use large quantities of energy. 
C. Decide whether atomic power can be used in ships and submarines. 
D. Decide whether more profit is made from a large or from a small car. 


This unit refers to pp. 15—16 of the booklet, Energy Conservation 
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7. Name four ways of driving a car that causes the use of less gasoline. 


8. Perform student activities relating to transportation in New Mexico, to the satisfaction 
of the teacher. 
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BASIC INFORMATION 
I. Land Transportation 
A. The most common type of land transportation is the automobile. As stated on 


page 15 of Energy Conservation, passenger cars alone consume about 14 percent 
of all the energy and about 31 percent of all the petroleum used in the United 
States. Each of the more than one million cars uses over 700 gallons each year on 
the average. 


@ Passenger cars use over 700,000,000 gallons of gasoline each year. 


In our nation the automobile is the most popular form of travel. Over 80 per- 
cent of the passenger miles are by means of the automobile. The automobile 
helps to shape the way we live. It influences our cities, our highways, the 
shopping centers, and many other parts of our everyday lives. The automobile 
is the largest single source of air pollution and consumes vast quantities of 
petroleum. 


Railroads 


Railroads are the best means of hauling heavy freight long distances on land. 
They carry approximately 40 percent of all freight in the United States. Trains 
are much more economical to operate than are trucks. A single locomotive can 
haul over 200 freight cars at the same time. In large cities, railroads also carry 
large numbers of people to and from work. 


Trucks 


Trucks are more expensive to operate than trains but they can travel wherever 
roads exist and even where there are no roads. Trains are limited to railroad 
tracks. For equivalent amounts of freight, trucks require considerably 

more fuel and many more persons than do trains. Trucks do offer much more 
convenience and service because they are able to carry goods directly from a 
factory to your front door. 


Pipelines 


Pipelines are a form of transportation. They deliver large quantities of fuel, 
including petroleum products and natural gas from one place to another. One 
large pipeline can transport as much petroleum as 2,000 large trucks each day. 
Pipelines can be used to transport almost any material that can be suspended in 
water or other liquids. ‘ 


@ Natural gas is delivered by pipeline fram New Mexico to New England. 
Buses 
Buses are used both within cities and between cities to transport passengers. Most 


of our railroads stopped carrying passengers and concentrated their efforts on the 
handling of freight. 
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The large buses now provide a relatively low cost means of passenger travel. Some 
buses operate with gasoline and others with diesel fuel. Very few buses travel our 
highways in comparison to the number of automobiles and trucks. 


Water Transportation 
A. River Transportation 


Almost all of the river traffic is in the Mississippi River and its tributaries such as 
the Arkansas, Ohio, and Missouri Rivers. There is no significant river traffic in 
New Mexico. A lot of large industries are located along these waterways because 
they can ship heavy items quite inexpensively by river barge. 


B. Coastal Transportation 


Large amounts of coal and petroleum are shipped along the coasts of the United 
States. Oil is transported in large ships (oilers) from the port of Houston to the 
port of New York. Coal is transported from the port of Norfolk, Virginia, to the 
ports located near large factories in New England. New Mexico is not on the coast 
and neither ships nor receives goods by this means. 


C. Lake Transportation 


Almost all of the manufacture of steel in the United States is in cities located on 
the Great Lakes. The reason for this is the cheap transportation of iron ore and 
coal by water on the Great Lakes. No freight is carried on any New Mexico lakes. 


The lakes in New Mexico are used mostly for recreation and for water control 
purposes including both flood control and irrigation sources. 


D. Ocean Transportation 


In the past, many passengers used ocean liners to cross the oceans, but today less 
than five percent of the passengers travel by ship. The ocean-going vessels carry 
over 60 percent of the goods exported and imported from foreign nations. 
Petroleum is one of the important products that arrive to the United States by way 
of ocean-going ships. New Mexico has no ocean transportation. 


Air Transportation 


The most expensive form of transportation is by airplane, but it is also the fastest. 
Crossing the United States by automobile requires around six days, by train requires 
three days, and by jet aircraft requires less than six hours. Some jet airplanes now 

fly at twice the speed of sound. Air transportation is used mostly to carry passengers 
and mail. New Mexico has many airports that are used by both jet and propeller type 
aircraft. The helicopter is an important means of air transportation for special purposes. 
Helicopters are used for such purposes as rapid commuter travel in cities, for police 
patrols, and to transport workers to oil rigs operating offshore. Air transportation 
vehicles use considerable amounts of fuel. 
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Relative Transportation Costs and Time 


A ship can transport 1,000 pounds from the east coast, through the Panama 
Canal, to the west coast in 15 days for a cost of about $15. A train can trans- 
port the same amount of freight for about $17 in seven days. A truck takes 
about five days at a cost of some $45. An airplane can transport the same 1,000 
pounds in six hours, but at a cost of $200. Some goods must be shipped rapidly 
or not at all others can be shipped by the most economical means when time 
is not crucial. (See Diagram next page.) 


New Engine Developments 
A. Gas Turbines 


For powers over 300 horsepower, gas turbines use less fuel and cause less 
pollution than do traditional automobile engines. However, gas turbines 
with less than 100 horsepower use more fuel and cause more pollution. 
It is unlikely that the gas turbine will replace the present automobile 
engine. 


B. Steam Engines 


Cars with steam engines were invented before the present type of internal 
combustion engine. The old types of steam engines were noisy and people 
were afraid of cars with a firebox and boiler full of steam. However, a 
closed cycle type of steam engine can meet the requirements for cars 
of around 100 horsepower or less and will have less pollution that present 
cars. Modern steam reciprocating engines could replace the internal 
combustion engine. The modern steam engine has a fast-starting boiler 
and a closed container for the steam. 

C. Electric Motors 
The largest problem with the development of an electric car is not the 
motor or the motor controls. These already exist and are quite capable of 
running an electric car. The problem of developing an electric car is the 
battery. The rechargeable batteries available commercially today do not 
have the power or the range that even begins to match that of the typical 
passenger car. The present type of battery can run limited-use vehicles such 
as golf carts. Several laboratories are trying to develop new types of batteries 
for electric cars. Many of these new batteries appear to be promising, 
although their cost is much too high at present. Flectric cars could save 
energy and practically eliminate pollution from automobiles. 

D. Impact of Electric Automobile Developments 
If we begin to use vehicles that are powered by something other than 
today’s internal combustion engine, the impact upon various minerals 
should be great. Things like nickel, cadmium, and platinum would be 
increased if battery-powered automobiles become popular. The impact 
on the total energy situation might not be very large. The total energy 
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required to operate an electric car including charging the batteries would be almost 
the same as that required to operate a small conventional car using gasoline. It is 
possible that the demand for gasoline energy would be reduced, but the demand 
for electrical energy to charge batteries would rise. The most significant result 

of shifting to electric automobiles is that electric cars do not pollute the atmos- 
phere. 


ab Future Transportation Possibilities 
A. Mass Transit Systems 


More and more people are moving into the cities. The cities already suffer from 
too many automobiles, too few parking spaces, and as a result of the automobiles 
and trucks, too much pollution. If people would shift to transit systems (bus, 
train, etc.) the pollution problem would be reduced and quite a large amount of 
energy would be saved. But most people prefer the convenience and independence 
of using their private automobiles. A future mass transit system will have to be 
more attractive than those now in existence in order to attract large numbers of 
people. Several cities have built specialized mass transit systems in order to help 
relieve the congestion and the energy shortage. The San Francisco Bay Area Rapid 
Transit System, for example, saves approximately 100,000 automobile trips a day. 


B. Rockets 


During the past several years, rockets have proven themselves to be a reliable means 
of transportation. The age of space travel began in the 1950’s, and people have 
made several trips to the moon and have returned safetly. Rockets have also 

been used to place satellites into space in orbit around the earth. There is a 

definite possibility that rockets will be used for continuing space travel and also 

in limited scale for earth transportation. In general, however, rockets use vast 
quantities of energy. 


C. Atomic Powered Vehicles 


Already in worldwide use are atomic submarines and atomic powered ships. 
Atomic powered airplanes have been attempted but so far without much success. 
Atomic materials are generally quite heavy, and the weight-to-power ratio of 
these materials make designing aircraft a difficult task. One promising develop- 
ment is the design of a nuclear powered rocket consisting of a small nuclear 
reactor and a tank of hydrogen. The hydrogen passes through the nuclear reactor 
and is heated to some 2,700° F. It is then released out the back of the rocket. 
This method of propulsion was started in 1970 but was discontinued because of 
lack of funds. Another possibility of the use of atomic energy for propulsion 

is the use of atomic batteries. These are in their early stages of development, and 
we do not know what impact they may have in the future. 


D. Internal Combustion Engine Changes 


Many newly designed automobile engines are being proposed in order to save 
energy. These engines have features that cause them to have much better gas 
mileage, especially in city traffic. Designers are trying to control pollution as 
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well as conserve energy when they design new automobile engines. Lighter and 
smaller automobiles will do much in both areas. There seems to be a trend away 
from the over-sized and over-powered automobile long popular in the United 
States. Partly responsible for the demand for the large automobile are the auto- 
mobile manufacturers who stress these in their advertising. They make more 
profit from a large car than a small car. 


Conservation Practices in Transportation 


Many things we do every day can help conserve the energy used in transportation. 
Some of these are suggested in the booklet Energy Conservation (page 15). Most 
Americans do not walk two or three blocks, but will drive the family automobile. 

We could begin walking or riding bicycles rather than using the car. We could buy cars 
with smaller engines and smaller bodies. Most of our cars have engines that are much 
larger than necessary. True, it is hard to burn rubber with a 50-horsepower engine. But 
you can still easily exceed all the speed limits with only that much power. 


There are many things that drivers can do to conserve gasoline. Some of these are: 


Make no more trips than necessary. 
Combine shopping, errands, etc. into just one trip. 


Never let one foot ride the brake when the other is on the accelerator. 


Judge your speed so that the greet light will be on when vou reach the signal — stop 
and start driving wastes fuel. 


@ When possible, drive at a steady speed rather than continuously speeding up and 
slowing down. 


Start slowly and stop slowly — saves energy, tire rubber, and nerves. Drive slower. 


Keep the car tuned up and the tire air pressure correct. Any driver can learn to do 
these things for himself with ease. 


All of us can use public transportation more than we do now, especially when the lack 


of convenience is not a real problem. Car pools can be formed so that one car serves 
the purpose of many. 
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SUGGESTED TEST QUESTIONS (Related to Objectives) 


1. A. The most common type of land transportation in use for passengers in the United 


States is: 
dor tr}. the.bus ____ (3) the airplane 
© td) thettram (4) the automobile 


B. The best method of shipping large quantities of freight on land is the: 
____(1) automobile ee (3) truck 
Dearie =] (4). bus 
When hauling freight (trucks) (trains) consume the most energy. 


C 
D. Pipelines are considered a method of transportation because 


E. The major use of buses in the United States is 


2. A. Most of the United States river traffic is on the river. 
B. The major use of ocean-going ships is to: 
____ (1) carry passengers 
—__ (2) transport flowers and other perishables 
____ (3) transport large quantities of exports and imports 
(4) transport tourists to foreign ports 


C. Most of the nation’s steel manufacture is on the Great Lakes because 


3. Helicopters are used for x : SS and | 


4. Toship items from the east coast to the west coast the fastest, you would use 
transportation, and to do this the cheapest you would use 
transportation. 


5. A. Gas turbines are not likely to replace the automobile internal combustion engine 
because 


B. Steam (could) (could not) replace the internal combustion engine in cars. 

C. The major problem involved in the design of a general purpose electric car is: 
fee Ch withe DaLtery —___ (3) the control of the motor 
(2) the electric motor ____ (4) the transmission and radiator 

D. The major benefit gained from shifting to electric cars would be: 

___ (1) considerably less energy would be needed. 
(2) considerably more energy would be needed 


(3) reduction in pollution 


(4) increase tn range of operation 
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Ce mark. 


B. 
en 
D. 


Public use of mass transit systems (would) (would not) reduce the use of auto- 
mobiles. 


Rockets use (large) (small) amounts of energy for operation. 


Atomic power (is) (is not) used in both ships and submarines. 


More profit is usually made in the sale of a (large) (small) automobile. 


7. Name four ways of driving a car that will result in using less gasoline. 


a. 
b. 


C. 


ro 
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ANSWERS TO TEST 


LeeAS. £4) 
Be aat2) 
C. (trucks) 
D. (They transport large quantities of oil and natural gas) or similar wording 
E. Transportation of passengers 
2. A. Mississippi 
BAe) 
C. Water transportation is very inexpensive 


3. City commuter transportation; police patrol purposes; transportation to difficult areas 
such as oil rigs offshore (any two) 


4. airplane, ship 


5. A. use too much fuel and make too much pollution 
Bae could 
eh) 
Dat) 
6. A. would 
B. large 
Cm as 
Do saree 


7. Make no more trips than necessary. 
Combine shopping, errands, etc. into just one trip. 
Never let one foot ride the brake when the other is on the accelerator. 
Judge your speed so that the green light will be on when you reach the signal — stop 
and start driving wastes fuel. 
When possible, drive at a steady speed rather than continuously speeding up and slowing 
down. 
Start slowly and stop slowly. 
Keep the car tuned up and the tire air pressure correct. 
(Any four of the above.) 
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SUGGESTED STUDENT ACTIVITIES 


i) 


6. 


Draw an accurate map showing the location of your home and yoru school. Plot on this 
map the route you would take if you were to walk, ride a bicycle, or take if using an 
automobile or the bus. Measure these distances on your map and compare. Either walk 
or ride your bicycle to school and measure the time required. Later, using an auto- 
mobile or the bus, measure the time required. Compare the times required using the 
different ways of getting to school. Compare your findings with those of your 
classmates. 


Make a list of various ways of getting to school and returning home from school. Discuss 
in class how much of the energy resources of our state are required by each way of 
travel. 


Using your school or the public library, write a report regarding a new design of an 
internal combustion automobile engine. This type of information can be found in 
magazines such as Popular Science, Popular Mechanics, Motor Trend, rather than in 
encyclopedias. 


List as many ways as you can of getting from one place to another without using the 
nation’s energy resources. 


On a highway map of the State of New Mexico show the bus routes, the railroad lines, 
and the pipelines. Discuss how each of these transportation methods are used. 


On a road map of New Mexico show the location of all airports. Indicate which of these 
airports are capable of handling commercial jet air traffic. 


New Mexico has many miles of interstate highways. Find out how the construction 
costs of these highways are paid (that is, where does the government money come 
from). 


Debate in class, Resolved: the trucks using the interstate highways pay their share of 
the costs. 


Visit a trucking freight terminal and find out how it is operated, where the freight 
originates and where it is going (in general), what types of vehicles are used and the 
types of fuel used in these vehicles, and similar items. Write a report on what you 
observed regarding transportation and energy. Compare your observations with those 
of your classmates. 


Steam engines were in use in the United States in the past. Find out why the internal 
combustion engine became the standard and why steam engines were abandoned. 


Find out as many ways as you can of shipping 100 pounds of material from your home 
town to another city across the State of New Mexico from you. List the estimated 
times required and the costs of shipping for each method. Make a chart showing these 
times and costs. (For example, air shipment, post office, truck, bus, etc.) 
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ie 


ES: 


L5; 


Assume that you and 19 other people are making a trip from your home town to the 
Grand Canyon. Compare the amount of gasoline used if you travel in private auto- 
mobiles with that used if you use a school bus. 


Make a sketch of the longest rowboat or canoe trip possible to make on the rivers and 
waterways of New Mexico. 


List the advantages of developing an electric automobile. Since this car would not use 
gasoline, discuss where the energy for operating this type of automobile would come 


from. Also list the disadvantages of electric automobiles. 


Visit a nearby airport including both the passenger section and the air freight terminal. 
Find out all you can regarding numbers, destinations, etc. of both passengers and freight. 
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UNIT 12 
SCHOOL, RECREATION, AND WORK 


UNIT OBJECTIVE 


Upon completion of this unit, students will be able to demonstrate knowledge concerning 
energy tor school, recreation, and work, with special attention to New Mexico. 


SPECIFICOBIECIIVES 


Upon completion of this unit. students should be able to: 

1. State why schools have three months vacation in the summer months. 

2. Select whether true or false statements about school. work and recreation activities 
that exist today. . 

3. Name three energy-related features of a newly designed school building. 


4. A. Name three products that are mined in the State of New Mexico. 
B. Select the most important agriculture products produced in New Mexico. 
C. Select items manufactured in the state. 


D. Name two laboratories in the State of New Mexico working in energy-related 
research and development. 


5. Select the major consumption of energy related to recreational activities in New 
Mexico. 

6. List five ways to save energy in school. recreational. or work activities. 

7. Perform selected student activities regarding energy and school, recreation, and work, 


to the satisfaction of the teacher. 


This unit refers to pp. 16—18 of the booklet, Energy Conservation. 
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BASIC INFORMATION 


School, Recreation, Work in the Past 


In the early 1800’s, people spent most of their lives doing hard, manual work. 
Adults and children had to work from 10 to 12 hours each day, and they worked 
for either 6 or 7 days per week. The average person had little need for schools. The 
few schools in existence were to train ministers, lawyers, and doctors. 


@ Most of the people in the early 19th Century worked on farms, in mines, in 
the forests, or in the processing and fabricating of raw materials. School was 
held when the children did not have to tend the crops and when the weather 
prevented people from working. 


@ Even today the schools still have vacation during the three summer months. 
Most of the energy consumed was human or animal energy. Most work skills 
were learned on the job. Most people learned only the basics of reading, writing, 
and arithmetic in the schools. 


@ Recreation was limited to activities close to the home. Frequently these activities 
were closely connected to work activities such as quilting bees and barn raising. 


@ People had very little in the way of transportation and practically no money for 
such things as taking trips. 


® School, recreation, and work activities took place close to home. 


School, Recreation, Work Today 


Mechanization and technology plus abundant natural resources made the people of 
the United States the most prosperous in the world and gave the people the most 
leisure time. The role of the schools has changed. 


@ Today they teach not only the basics of the past, but also prepare students for 
college or for a job. 


@ The United States is one of the few nations of the world that requires its citizens 
either to complete 12 years of education or to attend until the age of about 18. 
Work activities today are much more complex and are supported by the use of 
much machine energy. Less and less pure human energy is used. The eight-hour 
day is commonplace; so is the five-day week. 


@ Two or more weeks of vacation time is normal. 
@ Many people travel long distances during their vacation periods. 
@ Automobiles are an American habit and many families own two or more vehicles. 


Almost everything that we do at school, at work, or in recreational activities involves 
devices that save human energy but use other forms of energy, such as electricity 
and gasoline. 


@ Modern life is filled with labor-saving devices. 
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Schools in New Mexico 


The earliest schools in New Mexico were started by Spanish priests in the early 
1600’s. These schools were created to teach religious instruction. There were no 
public schools until just before the end of the 1800’s. 


Today New Mexico has a complete system of public education ranging in level from 
kindergartens to post-graduate (beyond a doctorate) work in universities. Smaller 
schools have been consolidated into larger units. Many students are driven by bus to 
the consolidated schools. Post-secondary school training throughout the state gives 
specialized instruction required for many jobs. 


Designing New Mexico’s school buildings and determining their locations involves 
careful study to make sure that each new school is inexpensive to operate, in terms 
of both money and energy. 


Schools today have not only the traditional desks, books, chalkboards, etc., in the 
class spaces, but also have samples of the items used in the businesses and industries 
of the state (such as electric typewriters, X-ray machines, automated copy machines, 
machine shop tools and equipment, and mechanized farm implements), all of which 
use energy. Our modern school buildings have energy-related features including 
adequate insulation and weather-stripping, a minimum of windows, complete air 
conditioning, and adequate but not excessive lighting. 


Work in New Mexico 
A. Mining 


The largest income-producing activity in New Mexico comes from mining. (See 
Figure on next page.) The major products mined are petroleum, natural gas, 
uranium, potash, copper, and coal. 


@ New Mexico produces about half of the uranium in the United States and is 
one of the leading states in the production of petroleum. 


@® Other products mined in our state include: pumice, salt, gypsum, zinc, sand, 
and gravel. 

Even though mining is the state’s largest income-producing activity, relatively 

few people are involved. Approximately 400,000 people in New Mexico are 

employed. Of these, only 22,000 are engaged in mining activities. 


B. Agriculture 


Income from agriculture is the second largest activity in New Mexico (See 
diagram opposite). The most important agriculture products are cattle and 
sheep. In fact, New Mexico has more than twice as many sheep and cattle as 
people. New Mexico has both irrigated and non-irrigated farms. Cotton, hay, 
grains, and vegetables (including chili peppers) are produced. The northern 
part of the state raises many fruits (including apples) and the southern part of 
the state has a large annual crop of pecans. 
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C. Manufacturing 


Food processing is the most important manufacturing activity in New Mexico. 
Other manufactured products include printed materials, ceramics (stone, clay, 

and glass articles), machinery, and wood products. The Navajo Indians produce 
much softwood lumber from their ponderosa trees. 


D. Other Activities 


Government workers plus persons engaged in wholesale, retail and service 
occupations make up over half of the workers in New Mexico. Governmental 
activities in New Mexico are a major factor in the state’s economy. The federal 
government owns about one-half of the land in New Mexico and spends huge 
sums of money within the state. A large portion of the federal expenditure is 
connected with the research and development activities of atomic, solar, wind, 
and other forms of energy. Los Alamos Research Laboratory and Sandia 
Laboratories are two major energy research laboratories employing large 
numbers of people. Other types of jobs include those connected with trans- 
portation, utilities, and construction. 


Recreation in New Mexico 


The outdoor activities, the scenery, and the unique tri-cultural heritage of New Mexico 
attract tourists throughout the year. Golf and tennis are played year around. Skiing 

is available in the winter throughout the state. Spring and summer find fishermen 

on the streams and lakes. A variety of game is hunted. especially during the fall 
months. The scenery of the state ranges from the spectacular mountain ranges to 

the vastness of the deserts. Culturally related activities are present throughout the 

year illustrating the three cultures dominant in New Mexico: the Indian. the Spanish, 
and the Anglo. New Mexico is filled with national and state parks, historical monu- 
ments, wilderness areas, and ancient ruins. 


Perhaps the largest consumption of energy in New Mexico connected with recrea- 
tional activities is the transportation involved with these activities. The same activities 
that attract tourists to New Mexico are also the recreational activities of those living 
in the state. Camping, fishing. hunting, skiing, visits to parks, museums, and historical 
locations. and witnessing or participating in cultural activities such as dances, fiestas, 
rodeos, sports activities, etc., are all part of the New Mexico recreational scene. 


@ Transportation involved in recreation consumes energy resources. 


Saving Energy in School, Recreation and Work Activities 


There are many things that we can do to save energy in our everyday activities. Some of 
these are outlined in your booklet, Energy Conservation, on pages 16, 17, and 18. Most 
students are not engaged in full-time work activities, but most do have contacts with 
full-time workers. Many steps can be taken to assure the proper use of energy and to 
minimize the wasge of our energy resources. Some of these include: 


@ Use no more heat. light. or air conditioning than is necessary for the situation. 
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@ Prevent the loss of heat (or air conditioning) by using caulking, weather-stripping, 
storm windows, or storm doors. 


Automobiles and buses used for transporting students should be filled up. 
Use public transportation rather than private vehicles whenever possible. 
Use smaller vehicles and encourage their manufacture. 


Encourage afternoon activities rather than night events to save electricity and heat. 


Participate in recycling campaigns, paper conservation, and other energy-saving 
activities. 


®@ Keep litter and trash in receptacles that help save energy in its removal. 


@ Encourage the proper maintenance and usage of vehicles, furnaces, and air conditioners 
to increase efficiency. 


@ When making purchases, consider the energy efficiency as well as the economic and 
functional considerations. 
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SUGGESTED TEST QUESTIONS (Related to Objectives) 


1. The reason that schools have three months vacation during June, July and August is 


2. In the space provided, write ““T” if the statement is true and ‘“‘F” if the statement is 


a. The rise of technology and mechanization has given people more leisure time. 


b. Almost all nations require students to complete 12 years of school. 


—c. Devices that save human energy usually require other energy forms. 


false. 
a. 
b. 
a 
4 A: 
B. 
cE 
oe 
xa 


the: 


Three energy design related features of a new school building are: 


Three products that are mined in New Mexico are: 
(1) 
By 
(3) 


The most important agriculture products produced in New Mexico are: 
(Ly) -caitle and shicep 
_..(2), chilneppers aundilettuce 
(3) apples and pecans 
(4) hav and sorghum 
Products manufactured in New Mexico include: 
—(1) food products 
(2) stone. clay. and glass articles 
(3) lumber 
(4) allot the above 
Two laboratories engaged in energy related research and development are: 
Ciiees 
ee) 


The major consumption of energy related to recreational activities in New Mexico is in 


a. electricity used in ski lifts cc. lights at might football games 
b. transportation de. powerboats and motorboats 
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6. Five ways of saving or conserving energy in school, recreational, or work activities are: 


ie 
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School, Recreation, and Work 


ANSWERS TO TEST 


1. Carryover from early days of schools when children were needed for work activities 
(similar wording correct). 


1% 
3 
if 


3. Weatherstripping, sufficient lighting but not excessive, air conditioning, minimum 
windows (any three or equivalent correct). 


4. A. 
B. 
es 
D. 

ate bins 


(1) 
(2) 
(3) 
(4) 
(3) 
(6) 
Cy 


Oil 

Natural Gas 
Uranium 
Potash 
Copper 
Gravel 

Sand 


(Any three correct, any order) 


(1) 
(4) 


Sandia Laboratories, and Los Alamos Research Laboratory (others correct) 


6. Any five from list on last discussion page of this unit. 
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SUGGESTED STUDENT ACTIVITIES 
(Be sure to refer to pages 15-17 of Energy Conservation) 


Li 


i) 


10. 


Read the electric meters at your school for a period of one week and estimate how 
much electricity is used at your school and how much it costs for the nine months of 
school operation. Form a committee to develop ways of reducing the use of electricity 
at your school. Discuss the plans in class and with the principal to see if these can be 
done. 


Find out how your school is heated, how much the fuel is used, and the cost of the 
fuel. Form a committee to determine ways of reducing the amount of fuel used in 
heating your school. Discuss their findings in class and with your principal to see if 
these can be performed. 


Check your school building for proper caulking and weather-stripping. Make recom- 
mendations for correcting the deficiencies found. 


Interview a contractor or other person knowledgeable about heat losses through windows 
and doors, or have this person visit your classroom, and find out how much heat can be 
lost through windows and doors. Also, find out how to minimize this heat loss. 


Create a plan for a summer vacation that minimizes the expenditure of energy resources. 
Discuss your plan with those of your classmates. 


Talk to your parents or other adults about ways of reducing energy consumption in 
their work activities. Discuss your conversations in class. 


Visit a manufacturing plant in your vicinity and find out how energy is used in the 
manufacturing process. 


Make a map of an area accessible by bicycle from your house, including all the recre- 
ational facilities of interest to you. Compare your map with those of your classmates. 


Make a list of the ways mining or agriculture (including ranching) was performed 100 
years ago in New Mexico and another list of ways this is done today. Compare the 
differences in energy requirements and the changes in the use of animal and human 
power. 


Make three murals — one depicting the use of energy 100 years ago, one of the use of 
energy today, and another of the use of energy 100 years from now. Emphasize either 
school, recreation, or work activities in your murals. 
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